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rHE General Afprobaticp of this Bo^k^ Jtnce Us Jtrfi 
Imprcffion in 1 686, hath obliged me not only to pub- 
lifh my Grateful Acknowkdgment thereof; but alfo 
excited my diligent Search into, and exaft Survey of 
every Part of its StruBure^ to find out the DefeBSj to 
know all its Deficiencies^ which I have fo far laboured in« 
That in this Imprefilon^ 

I have now ReBified what was amifs ; Altered what 
was Diforderly; Explained what was Dark or Obfcure; 
Enlarged where it was Scanty ; Added where it was Want- 
ing; And, 

Thefe ReBificaticnSy Alterations^ EmendationSj and Ad-- 
diticnSj being in diverfe Places, I thought it needlefs to 
Enumeratfi them particularly ; for they are obvious to a 
diligent Reader^ that will but compare the Rules^ Pre- 
cepts^ and Examples of this with the former Impreffions^ in 
the plain and eafy Method they are placed in, but which 
in general is thus ; 

, L Tou have Praftical Geometry, explained hy Definiti- 
ons, Problems and Proportions ; In this Chapter is taught 
fbe making the mofi ufcful Geometric Figures, with the 
meqfuring all Superficies and Solids ; Alfo the Application 
thereof in PraBical Meafuringy Board, Glafs, Plaiftering, 
Paintings Paving, and Land ; Timber ^/ri Stone ; Gaug- 
ing of Caflcs, end a Ship's Hold: All being illuftrated 
with Rules, Proportions and Examples, eafy to the Under- 
ftandingi and not burthenfome to the Memory ; and fo fiat ed 
that they may be performed both i^y "Arithmetic, and by the 
Line 4/ Numbers on Gumti^ s-Scale^ in 37 Problems. 

A 3 ^he 
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^hejirft Chapter I advife the Learner tojludy •melt B^ 
be proceeds, it being frepuratrve to the next, as indeed t bey a 
all depending on cue another, as Links in a Chain. , 

II, Plane Trigonometry is next., in which are many afi- i 
/«/ Notes and Definitions, with the Axioms, and alfs the Cafes 
depending en each Axiom, orderly fet down in 8 Problems^ 
containing 13 Cafes. 

And here I miifi advertife the Toting Student that ivculd 
work Trigonometry by the Logarithms, to ccnjult Chapter 
1. The Explanation and general Ulc of the Table of 
Logarithms, and Tables of bine^. Tangents, and Secants, 
towards the latter End 'f the Book, in. Pape 254., 

m. T/jfff /o/Zoa'f Plane Trigonometry, applied i a PtO- 
bleiTis 0/ Sailing by the PUne Sta-Charr, commsnly called 
Plane Sailing. 

And that nothing be wanting, I begin with the cosnvt' 
Notes of the Julian Calendar {in this Edition iranfmu 
for the Gregorian or New Calendar, or by the late Al 
Parliament required) Jhewing hrx to find the Prime, E 
Dominical-Lecier, Eafter-Day, the Moon's-Age, S 
ing, and Time of Full-Sea, or High-Water, In 9 Pi 
Then proceeding to the Defci'iption and Ufc 0/ the I 
Chare, in 5 Problems, before I come to the Cifes of 
Sailing, which I divide into three Parts. 

I. In a Right-angled Triingle, relating to 
C urfi, in -xhicb are 6 Cafes, commonly called tt 
. rf Piane Sailing. 
H 2. /» n R ight -angled Triangle, relating tofev 

H faUsd a -Traverfe. 

H 3. In an Oblique-Triangle, in which are b 

H though there may be a Multitude of various Q 
H which yoie have a Tafie in Turning to Wj 
H Sailing in Currents, (B 21 Problems. 
H V. In Chapter ^lU is Mercaior's Sailing: 

H underfianding of which, 'tis ncceffary to 
H Wright's Projetftion, commonly known i 
B Mercator's Chart, ardjbew the Ules of it, 
H /i* Problems p/" Sailing ^i;-, which you. w 
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in 1 2 Problems : In the firft 9 the Table of Meridional 
Parts, or the Meridional Line on Gunier's-Scale is ufed : 
And in Cafe that Table or Line be wanting^ to fupply their 
Room I have added Problems of Sailing by the Middle 
Latitude, wi/Vi? w/// nearly agree with Mercator*s Sailing, 
a Thing of gcod Vfe^ In 4 Problems. 

V. Spheric Trigonometry, or the VoSrine of Spheric 
Triangles Reftangular and Oblique, is next in Order ; and 
it being fo neceffary you Jhould underftand how to make a 
Spheric Triangle, and alfo how to meafure any of it^Parts^ 
before the framing and working Proportions therein^ I have 
fully explained that Matter in the beginning of this Chapter, 
being in a Manner a New Invention^ which I call Spheric 
Geometry -, ^ his you h^ive in 2 1 Problems. 

And in Spheric Trigonometry properly fo called (the. 
next in Order) you have all the Axioms and Cafes, both 
in Rcftangular and Obliquangular Triangles, explained 
with neceffary Notes on each Cafe -, as to know when a re- 
quired Angle is Acute or Obtufe, and when a required Side^ 
is more or lefs than a Quadrant, In 1 2 Problems, containing 
28 Cafes. 

Vi. The Defcription and Ufe of both Globes, is the 
next to be confider^d \ in which I have plainly and familiarly 
explained andfbewed the Ufe of the mojt neceffary Things be^ 
longing or relating to each of them^ In 24. ufeful Problems. 

To which is annexed afkort Defcription and Ufe of the 
Hemifphc-res, projtSIed on the Plane of the F.clipcic. 

VII, Geography is the fuhjeSl of this Chapter ^ which is 
the Application of Spheric rrigonometry in finding the 
True Diftance of Places in the Variety of their Situation on 
the Globe of the Earth, In 4 Problems. 

VIII. Great Circle Sailing comes next^ which as iTs the 
wojl accurate IVay of Sailing, fo it's the mojl difficulty and 
hardly poffible for a ^hip exah-y to fail by ; yet it's of great 
Advantage to keep conveniently near it ; for which Purpofe 
you'll find all that necejjarily belongs or relates to it^ both 
as to the Projcftive Part, and that both Stereojrraphic and 
Gnomonic; as alfo in the Calculate Part, (which require^ 

A 4 * 
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the Jpplicatifs ef both Spheric and Plane Trigonometl^ 
fully made out -, fVub an Intimation ef foortnhig the iVorki 
by fhewing how to deftribe the Arch of a Great Circle on a 
Mcrcator's Chare-, the IVbole in 4 Problems. 

IX. Next you have Splieric Trigonometry, applied in 
fmdry Aftronomic Problems ufeful in Navigation, wherein 
the Circles of the Sphere are dtfcribedy and the necejfary 
Terms of Art explained to the mtanefi Capacity, with Refpeff 
to the diurnal Motion 1 and that either, 

1. According to the Ptolomair Syftcm, wherein yen 
have in a Right- Angle Spheric Triangle, all the Variety of 
Qiieftions and Examples that relate to the Sun, "with Rt- 
fpeS to his Longitude, Dtciination, Right or Oblique Afcen- 
[fion, or Difcenfien, Ri/ing, Setting, Amplitude, Altitude at 

Azimuth, at the H»ur of Six ■, Altiltide and Hour ef 
Day, -jsben Eafi or PVeft i Hour, Azimuth, ar.d AltU 
hhm be is in the Equinoftial, In 24 Problems. Alfts 
7« an Oblique Spheric Triangle, ^ca hair great Vm 
both with RefpeSi to the Sun, or a Star, in aany ^tj 
and Examples relating to the Sun's Altitude, Azimuth 
Hour ef the T>^, in atr/ Place, at any Time ef the 
And relating to a Star, as to its Longitude, Latitude 
nation. Right Afcenjion, Ri/ing, Setting, AmpHtu 
tude. Azimuth, Hour of the Night, its Altitude o 
ridian, and Time of its coming to it. In 1 2 Problci 

2. According ic //is Pythagorean, or Copernic 
which is now generally rereiv'd, as mojl agreeable 
f trued expet ietrc'd Motion of the Heavenly Bodie 
Spheric Trigoiiomei ry is applied in variety cf S 
Examples relating to the Earili's Diurnal Mot? 
own Axis, once in 24 Hows, whereby all t 
pearames of the Sun and Fixed Stars are fol 
Defcriplit-n of the Circles of the Sphere, and 
drawn Stereographtcaily on the Plane ef the ) 

tic. In 9 Problems. 

X. Then follow very eafy Rules to find t 
the Compafs. and how to re£lify the fame, 
the Coiirfe thereby, both Arithmetically ar 
•with great Readinefs. 



The P R £ f 4 C E. ix 

« 

jilfo here you have the way of Projefting the Sphere Or- 
thographically. In 2 Problems, with many EisantpUs. 

XI. An Objervationy either of Sun or Star y what it is^ 
bow or with what^ and when *tis taken ; with RuUs to find 
the Latitude of the Place of Obfervation^ and all the Varieties 
therein reduced into one Propofition, containing (wQ Gen^r^l 
Cafes, fully explained by marry Examples. 

XII. Tou have next the XJfe of all the foregoing InftruC" 
tions fummarify comprehended in a new Form of keeping a 
Stz Reckoning or Journal, wherein the I^pg-Book an4 
Journal in Words at Lengthy and Tabular in Figures^ art 
kept together in one Book ; whereby the whole Proceeding^ 
and every particular TranfaSlion of any Voyage at all timef 
may befeen and known^ which will be no fmaS Satisfaffion ta 
thofe concerned in Ships and Goods, nor a little jfygm^fa-- 
tion to the Mariner's Credit tf«i Reputation. 

And that fo ufeful and beneficial a Method ffiay be pr^c* 
tifed by all ^ho dejire to keep a compleat and esfali Reckonings 
and fo be enabled to render good Account thereof I bape 
largely defcribed the Form and Manner of ity with plain Ruley 
and Direftions how to Correft the Reckoning py the obr 
ferved Latitude, and how to find what Latitude and Lpn.- 

fitude the Ship is in every Day j with an ^xampU of^ 
even Days Journal; and how each Daysfailipg is mapaged^ 
in taking it from the Log-Board cafting it up^ and bring- 
ing it into one Courfe and Diftancc •, with framing the Dead 
Reckoning, and transferring if into the Jpurpal \ fo that 
by this the fVhole is made more intelligible , 

Laftly, In the Tabular Part, you havefirft a Tr^yerfij 
Table \ which tho* itfiands info little Room 4s two P^es^ 
yet by it the Difference pf Latitude aiid D^parturie frpm the 
Meridian may be found for any Diftance under 10,900, <z^ 
for every Quarter Point of the Compafs. 

Next to that, A Table of Meridional Parts to every 5 
Minutes jof L(ftitude^ which together with jheTzblc of Pro- 
portional Parts annexed, the Meridional Parts for each Jingle 
J^nute are found. 

And 
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And next adjoining is a 'Table of 10,000 Logarithms. 

After which you have a Triangular Caiinun Lng.irith- 
mic, or a Table of Artificial Sines, Tangents anJ Se- 
cants, to every Degree and Aiiiiute of the Quatlrant, wbicb 
are ecrreHed with tncre than ordinary Care^ there being ne 
Volume (when this Book v.'as firjl publilhed in 1686) 
extant that had Sec.inis hefides this .- The Defcriptieti and 
general Ufes of thtfe Tables are comprehended in 4 Chapters, 
containing 13 Fropofitions, and fet juji before (be Tables^ 
beginning at Page 294. 

The Schemes or Figures are contained in 10 Copper- 
plates, in/srted in their proper Places, bei?:g orderly Num- 
bered with proper References for ike mere eafy turning unto^ 
upon Occafmn. 

Thus have you a Summary of what's here treated -, what 
wy Labour and Pains have been herein^ 2 leave you to judj 
who are meji like to reap the Fruit and Profit (my Share I 
ing a very/mail Part thereof) iho' I dare aver, it's the Cc 
pleateft and moft Portable Pile of Inftrndions (fof 
Young Learner of Navigation) now extant; it's Ibfi 
Method I have ufedfvr now 50 Tears, finding it ever fur 
ful, even to the mcft indifferent Capacity, among the 
Hundred! I have Taught : Therefore if my Reader w 
a Proficient herein, let him begin cbea'fnUy, proce 
dually, and the End will crown his Endeavours ■ 
fwtrable Succefs. 

Let not Sloth perfuade to give cut at the meet 
Difficulty, but rather remember that Love, La 
Conftancy will overcome the greatefl: Difficulty 

That my Lf arner m^ Jo read as to underjia 
underjiand as to be a Proficient, is the Define 
wifhelb the Young Student's Welfare, and th 
ARTS. 

JAMES AT 



E P I T O M E 

Of the Art of 

N A V I GAT I O N. 

C H A P T E R I. 

PraiiiealGeametry explained ^ DefimtiottSy Problems and Proportwu. 

GE ME TR T IS that Science, whereby we explain the 
various Properties of Magnitude ; that is, of Lines, Super- 
ficies, and Solids, whofe Original is from the Motion of 
Points, Lines, and Surfaces. 

Sedion L Of Linear Geometry j or thejirft Kind of Magmtude* . 

Definitions. A Point is faid to have no Parts and therefore can- 
I. ^^ not be divided, fuch we fuppofe the Point A* 
Plate I. Fig. I. 

2. A Line hath no Breadth or Thicknefs, only Length ; it is 
ipade by the Motion of a Point, and (confiderea in itfelf) is ei- 
ther Regular or Irregular. 

3. Regular^ is either a Right-line or an Arc* 

4. A Right-line is the fliorteft Diftance between two Points 
as the Line BC. Plate i. Fig: i. 

5. An Arc is not the fliorteft Diftance between two Pdnta^ 
but bcndeth evenly, as the Arc DE. 

6. Irregulary as any crooked Line that bendeth unevenly, as 
Fa Plate I. Fig, I. 

7. Lifies^ compared, are either parallel, or iiKilining ; from 
^whence proceed the following Problems, 

Probleni L To draw a Line parallel to a given Line. 

Definition. JpArallel Right-lines are thofe which being infinitely 
■• produced fbeing in the fame Superficies) will 

niever meet, fuch are the Lines AB and CD. Plate v. Fig. 2. 
Example. AB the Line > . 

Through this Point C, and parallel to the Line AB, a Line 
is required to be drawn, 

1. Take 
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1. Take {vi'ith a pair of Compafles) the neaueft diftance 1)e- 
tween the given Point C, and the Line AB. 

2. With thatDiftance and one Foot of the Compafles (placed 
any where in the Line AB,) draw (on the fame Side with the 
Point C) an Arc D. 

3. Fropi C, draw a J^ine to touch the Arc D, and it's done; 
fqr(he I^ipe CD, is gprallel to the Line AB, as was required. 

Prob. n. To bifen or divide a given Right-line into two equal Parts. 

Example. AB is a given Line. Plate i. Fig. 3. 
Tp find the Middle thereof is required I 
I. WF I T H any Diftance, (greater than half the given Line 
^^ AB) and one Foot of tbe Compafles on A defcribed the 
Arc CD. 

2. Wijh the fame Diftance, and one Foot on B, crofs the 
former Arc in C and D. 

3. By C and D draw a Line which will cut AB in E, the 
middle ^ ^d if A£ is equal %o KB, it's done true ; and £ is 
then in the middle of the Line AB, as was required, 

Srob* IIL To er.e£l a Perpendicular from a Point in a given Line. 

P(finitionf. TNclining Lines are not equally Diftant, but if pro- 
i^ -4 dujccd, wi/1 meet on one Side, as the Lines AY 
and CD. Plate i. Fig. 4. 

2. The meeting of inclining Lines, (called an Angle) is ei 
thier Diffi&. ox Qbfique. 

3. DireSt^meeting of Lines, is when the Angles on each S' 
?^ eqpaj, ^ liG¥^ andF.GH ; and this kind of meeting is ca' 
Perpendicular. Plate i. Fig. 4. 

E^i'^mpU AB is a Line given. 

The Point A, one end of it, from whence to ereft a P 
JM^ular is x^»ired. Plate i. Fig. 5 

I With anv Diftance, and one Foot in A, draw ar 
cut the Line AB in D. 

2. With the fame Diftance, and one Foot in-D, drav 
t9 cut tl)e former Arc in C. 

3 With the fame Diftance, and one Foot in C, d' 
Are DE, to cut the Line AB in D. 

4. By G ajid D, draw a Line to cut the Arc DE i 

5. Then by A ai)d E draw a Line and it's dor 
Linj AE is perpendicular to AB as was required. 
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Problem I V'* To let fall a Peffe)iii€uU)r:, from a pveh l^Vtnt t9 

a given Lfne. 

Example. AB, is a Line given^ C is a given Pofnt^ frbm 
whenctf to let fall a PerpendicuUr to the Line AB is required ? . 
Plate }. FiF.h. 

1. Dravra Line (at pleafure) from C to AB^ as is theLiiieGl>. 

2. By Problem 2, hi{e6k the, Line CD in E. 

3. With the Dittance EC, fequal to ED, and one Foot in E, 
cr^fs the Line AB in A. 

4. By A and C draw a Line, and it's dbnc ; Ftfr A6 i^ k 
Perpendicular let fall from the Point G to the Line AB, as was 
reqaired. 

Problem V. To mate d Plane Angle. 

Definition i. The meeting of inclining Lines, is called an 
Angle, and the Lines fo meeting are called Sides of that Angle, 
as AB and AC. Plate i. Fig. 7. 

2. An Angle is either a Right-Angle, or an Oblique Angle. 
' 3. A Right-Angle is where two Lines are perpendicular to 
each other, as ED and DF. . Plate i. Fig. 7, 

Note^ A Right- Angle is juft 90 Decrees. , 

4. An Oblique- AngUy is either an Acute lefe than 90 Degrees^ 
as BAC, or Qbtufe more than go Degrees, as GftL figure 7. 

Note ; An Angle is written with three Letters, the middle Letter 
fignifieth th6 Angular Point as BAC fignifieth the Angle A. 

An Angle ismeafured by an Arc^ whofe Center is the Angular 
Point, and i& drawn from one Side tb the other of the Angle, as 
the me Ture of the Angle KLM is the Arc NO. Pkite\. Ftg. 7, 

What a Degrjbe is j^ou may fee \n Problem o. Definition i. . 

Example t. At A in the Line AB, to make a Right-Aiigle, 
Plate I. Fig. 7. 

The Rule. Upon A {hy Prollem x.) ereift the Perpendicular 
AC, and it^s done; For the Angle BAC is a Right-Angle. 

Example 2. At A in the Line AB to mak^ an Acute-AAgle 
' lequal to 41 Degrees. Piate i. Fig. 8. 

1 . Take (always) a Chord of 60 Degrees from ybur Scale, land 
ifrith one Foot dh A draw an Arc DE, to cut the Line a6 in D. 

2. Make the Arc DE, equal to the Chord of 4 id. ihzt is, 
tftke iLid. fi^in the filme Scale of Chords, aild lay it on the Arc 
fr0ihlJt6E. 

3. Bv A and E draw the Line AEC, i'nd it^ -done ; for thfe ' 
Angle BAG fa aA Acute Ahgle, containing '^i Dea;rees. 

Example 3. At B fti the Line BC, to make an Obtufe-Angtif 
equal to 102 Degrees. Plate i. F^. 8. 
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J. As before (with one Foot on B) draw the Arc EF with a 
Chord of 60 Degrees, to cut BC in £. 

2. On that Arc make EG equal to GF, and each equal to 
cid, the half of i02d. that is, take 5id. from the fanie Scale of 
Chords, and lay it on the Arc from E to G, and from G to F. 

3. By B and F dra^iv the Line BFD, and it's done ; for the 
Angle CBD is an Obtufe Angle, containing 102 degrees. 

Sedlion 11. OfSupirfieial Geometry^ or thefecgnd Kind of Magnitude. 

Definition i. A Superficies hath no Thicknefs, only Length 
and fireadth ; 'tis made by the Motion of a Line, and is either 
plane, convex, or concave. 

2. A plane Superficies, is a Figure flat, fmooth, even, and 
made by the Motion of a Right-line 5 it*s either funple or various. 

Z* ^1 l) I Figure or Superficies is bounded by < j . 

4. Figure bounded by one Line, is either a Circle, or an 
Elljpfis. 

5. A Figure bounded by Lines, is either a Triangle, a Qya^ 
drangle, or a Multanglc. 

6. In every Superficies there are thr^e Things to be noted. 

1. The Term^ which is that Lioe ox Lines bounding it, as 
BCDEB. Plate i. Fig. 9. 

2. The Center^ which is a Point in the middle of it ; as A. 

3. The /Irea^ which is all the Space contained within the 
Term, as ABCDEBA. Plate i. Fig. 9. 

4. The kinds of Plane Figures are feven, a Circle^ a Triangle^ 
a ^adrangUy and a Muliangle the molt cafy to make ; th^ 
more difficult are the EHipfts^ Parabola^ and Hyperbola \ each 
affords divers Problems^ of which we begin with the Circle. . 

Problem VL To defcribe a Circley having its Diameter given,, 

Definitions. I. A CirtU is a plane Figure bounded by one Line, 
called the Periphery ; as ABCDEBA. Plate i. Fig. 9. 

2. The Periphery of a Circle is a Line encompafling it, fo that 
it's equally diftant from the Center, as BCDEB. 

3. The Center of a Circle is a Point in the middle of it, from 
whence all Right-lines drawn to thePeriphery are equal, and called 
Radii, each, or any one fuch Line being called Radius ; as A. 

4. The Diameter of a Circle^ is any Right Line drawn thro' th 
Center to the Periphery ; it bifefteth the Circle, and is the long 
eft Right-line that can be drawn in it, as BAD is a Diameter. 

Example. BD equal to 60 Inches is given ; to make a Cirr 
en or about it, is required ? Plate i. Fig, jo. 
I. Bife£l (by Problem 2.) the. Line BD in A. 
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2. With the Diftance AB cq^ual to AD, -and one Foot on A, 
defcribe the Periphery BCDEB, and it's done. 

Problem VII. To draw the Periphery of a Circle through any thru 

Points^ not in a Right-/ine, 
Example. ' B, C, and D, are three Points given, thro* them 
to draw the Periphery of a Circle is required ? Plate i. Fig. 11. 
/ I. With any Diftance (greater than half CB, or CD) and 
one Foot in C, draw the Arcs FG» HI. 

2. With the fame Diftance, and one Foot in B, crofs the firft 
Arc in F and G. 

3. Likewife (with the fame Diftance and) one Foot in D, cut 
the other Arcs in H and I. 

4. By F and G, and H and I, draw Lines to cut each other 
in A wnich will be the Cente;f. 

5. With the Diftance AB, equal to AC, equal to AD, and 
one Foot on A, draw the Periphery BCDB, and it's done. 

Problem VIII. To quarter a Circle^ or in a Circle to draw two 

Diameters at Right-artgles. 

Example. BCDEB the Periphery, and A the Center of the- 
given Circle ; in which to draw two Diameters at Right-angles 
i6 required^ Plate i. Fig. 12. 

J. Through the Center A, draw the Diameter BAD. 

2. Bifeft (by Proklem 2.) BAD, by drawing the Line CAE^ 
and it's done ; and if BC, CD, D£, and £B arc equal to each 
pther, it's done true, otherwife not. 

Problem IX. To find the Chord, Sine^ Tangent^ and Secant ef an 

Arc of a Circle. 

Definitions, j. If the Periphery of a Circle be divided int« 
360 equal Parts, they arc Degrees ; a Degree divided into bck 
equal Parts, arc Minutes ; a Minute into 60 equal Parts, are 
Seconds, feTf. plate \. Fig, 134 

%. The Arc of a Circle is any Part 6f the "Periphery ; as EB, 
or EBF ; and is counted in Degrees, which are greater or lefs 
in Proportion to the Radius of the Circle. 

3. Radius of a Circle is half its Diameter, or any Right-line 
drawn from the Center to the Periphery, as AB. 

4. A Chord^lirte is drawn from one End of an Arc to the other ; 
as EpF, or EB, are Chord-lines. 

5. "A Sine-line is half a Chord-line of double the Arc ; as ED. 

i being Jialf the Chord EDF) is a Sine-line of the Arc BE, and 
)F is a Sine-Hne of the Arc BF. 

6. Verfed'Sine-line lies between the Sine-line and the Peri- 
phery, as DB is a Verfed-Sine of the Arc BE equal to BF. 

7. Tan* 
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7* Yitngints touching the Peripheiy, and its Perpendicular to a 
Diameter in the touching Point, as BC is a Tangent Line of 
IheAl-cBE. 

8. Secant cutteth the Peripherv, being drawn from the Center 
^ill it meet the Tangent, as AC is a Secant of the Arc BE. 

Exmnpli. The Chord, Sine, Tangent, and Secant sof an Arc 
contaihin^ 45 d^. are required ? Plate i. Fig. 13. 

1. With any Diftance (and one Foot on A) dcfcribe the Peri- 
^etf HIBG. 

2. Quarter the Periphery (by Problem 8.) by drawing the two 
Diameters HAB and lAG ; then is HG equal to GH, equal to 
HI, equal to IB, equal to 90 Decrees. 

* 3. Divide (by Problem 2.) BI into two equal Parts in E, and 
then BE equal to £1, is equal to 45 Degrees. 

4. Make BF equal to BE, anfd draw the Lines BE, and EDF, 
to cut the Diameter HAB in D. 

5. At B (by Problem 3.) ereft BC perpendicular to the Dia- 
meter HAB; or draw (by Problem i.) BC parallel to the Dia- 
Hieter lAG. 

. 6. By A and E draw a Line to cut BC in C, and it's done. 

Then the Line BE is the Chord of 45 deg. the Line of EDF 
the Chord of 90 deg. the Line ED equal to DF, the Sine of 
4'5 dleg. DB the Verfed Sine, BC the Tangent Line, and AC 
^e Secant Line of the fame Arc BE, equal to 45 Degrees. 

This Problcnv is the Ground Work of the Line of Rumbs, 
phords. Sines, Tangents, Secants, ^c. Set on Rulers called 
Sc^es or Plane Scales ; as alfo of the Degrees on the Quadrant, 
Crofs-StaflF^ and other mathematic Inftruments. 

But its chief TJfe is in a kight-Angled-Triangle, as fhall 
be Aiewed in Trigonometry, when I come to explain the firf^ 
Axiom m making any Side Radius, fee Chapter 2. Se£fio^ a« * 
P^ge 35- 

Xyf triangles J the id Kind of^ Plane Figures. 

ibefiniiion i. -A Triangle is any three cornered Figure, ha 
three Sides and three Angles, as ABC ; and in refp^ of if 
^les, is either Re£^angular or Qbliquangular. Plate i. ^'F 

2: A PJgbt'AngU'Trianglehzth one Kight-Jngle ; in if 
inje bath ^Perpendicular ereded, or let fall, as ABC. 

3. TbbfelSides containing the Right- Angle are calle 
as Leg AB, and Leg BC. rlate i. Fig. 14. 

4. The Side oppoflte to the Right-Angle is callpd dir 
thesblfe; as AC^ Plate j. Fig. 14. 
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Prob. X. 7i make a Ri^bt dngle Triangle^^ the^Hypothinufe^ and 

one Angle given. 

Note t. The three Angles of every Plane Triangle (together) 
are equal to |8o Degrees. 

2. To make a Right Angle Triangle, t\^o Things, (befides 
the Right Angle) and one a Side, muft be given. 

With them to make a Right Angle Triangle is required. 
Plate I. Fig. 15. 

1. Make the Angle BAC equal to 34d. 30m. (by Problem 5. 
Example 2.) that is, take a Chord of 6od. and with one Foot on 
A, draw an Arc, and on that Arc, lay the Chord of 24d. 30m. 
drawing AB and AC, which includes the Angle BACequal to 
34d. 30m. 

2. Make AC equal to 137 Feet ; that is, from any Scale of 
equal Parts take 137, and lav it from A to C. 

3. From C (by Prob. 4.) let fall the Perpendicular BC, to 
cut the Line AB in B, and it's done. 

Prob. XL To make a Right Angle Triangle ; the Hypothenufe and 

one Leg being given* 

E^arnpU. The {JJ^Pfg^-'f ^^ 4„ Jp^^^j^^ ^.^^^ 

With them to make a Right Angle Triangle is requirecf. 
Plate !• Fig. 16. 

I. Make AB equal to 342 Perches ; that is, from any Scale 
of equal Parts, take 342, and lay it from A to B. 

2* At B (by Prob. 3.) creft a Perpendicular BC. 

3. With 411 Perches (that is, take 411 from the fame Scale 
of equal Parts, the 342 were taken) and With one Foot in A, cut 
the Perpendicular in C. 

4. From A to C draw a Line, and it's done. 

Prob. XIL To make a Right Angle Triangle i having one Leg 

and one Angle given. 

With them to make a Right Angle Triangle is required, 
Plate I. Fig. 17. 

I, Make AB be equal to 415 Miles, that is, from any Scale 

B of 
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of equal Parts, take 415, and lay it from A to B ; and at B, 
(by Prob, ^.) in Page 12, crefl: a Perpendicular BC. 
. 2. At A (by Prob. 5. Example 2.) in Page 13, make the 
Angle DAC equal to 4.od. 25m. (which is thus, take a Chord 
of 6od. and. with one Foot on A, dra.w an Arc, on which Arc 
lay the Chord of 4od. 25m.) by drawing the Line A*C, and it's 
done, 

Prob. XIII. Ti mak$ a Right Angle Triangle^ the Legs beln^ given, 

Example. The Leg| ^q '*^|| Leagues given. 

With them to make a Right Angle Triangle, is required.* 
Plate I. Fig.i^ 

1. Make AB equal to 404 Leagues ; and at B (by Prob. ^.J 
in Page 12, ereft a Perpendicular BC. 

2. Upon the Perpendicular make BC equal to 328 Leagues,. 
a;)d from A to C draw a Line, and it's done. 

Of Oblique-angle Triangles. ^ 

Definition. I. An Oblique Triangle hath all its Angles, Ob- 
lique and is cither an Obtufe or an Acute Triangle. 

2. An Obtufe Triangle hath one Obtufe Angle, that is, one 
Angle greater than Qod. as BCD. Plate i. Fig. 19. . 

3. An Acute Triangle hath all its three Angles Acute ; that 
is; each Angle is kfs than god. as ErG. Plate i. Fig..iq^ 

Note; To make an Oblique Triangle, three Things, (and one 
ofthemaSide) muft be given. 

I 

Prob. XIV. To make an Oblique Triangle^ two Angles and a S 

eppofite one of them being given, 

C Anile [BCDil4d.--- 
Example. The \ "^"S'e | gpc 26d. 

(Side'BC 352 Miles 

With them to make an Oblique Triangle is required,. ^ 
Fig. 19. 

I. Make BC equal to 352 Miles; and at C (by 7 
Example 3.) in Pages 13 and 14, make the Angle BC 
to ii4d. by drawing, the Line CD ; that is, take a 
6od. and with .one Foot on C; draw an Arc, on th^t 
the Chord of ii4d. by taking it's half 57d. and layirij 
on the Arc, by which draw the Line CD, thereby yc 
elude the Angle BCD 1 14 Degrees. 
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2. Add 114^. to 26d. 40m. it makes i4od. 40m. the Sum of 
the given Angles ; which fubtraft from i8od. 00m. the Sum'bf 
the Three Angles. -. ^ 

Remainder is the Ahgle CBD jgd: 20m. 

3. At B (by Prob. 5. Example 2.) in Page 13 make the An- 
gle CBD equal to 39d. 20m. by dra>ying the Line BD j thatjs 
with a Chord of 6od. and one Fo6t*6n B, draw ah Arc, on. that 
Arc lay the^Chord of 39d. 20m. by which draw the Line BDj 
and it's done. 
Prob. XV. To mhke an Oblique Triangky having two SideSy ana 

an A/igle^ oppoftte to one of them given. 

Example. The \ ^'^^. { milt } ^"^^ } givem 

lAngleBCD i68d. 30m. J 
With them to make an Oblique Triangle is rfeqiiired* PlaU Ia 
Fig. 20. ■ ' . " ■-■'.• • ■ •• 

1. .Make BC ^ equal to 274 Miles, and at C fby Problem 5* 
Example 3.) irfPagfei:l3 and 14, mak^the Angle BCD equal to 
io8d. 30m. by drawing the Lme Ci>. 

2. With 426 Miles, and one Foot in B, cut the Limi CD in 
D, and by B and D, dfaw a Line and it's done, 
Prob. XVL To make an Oblique Triangky two Sides, and the 

included /^ngle being given. 

ExampU. The \ ^'^^^ { BD "- ."- %{ } ^^"^ \ gi 

C AngteBCD lojd. 30m. i 

With them to linake an Oblique Triingle is required; Plate t* 
Fig. 21. 

i; Make the Side fiC <^qual to 327 Fe^t; inA at B (by 
problem^. Example'^,) in Pages 13 and 14 make the 'Angle 
CBD equal to loid. .30m. by drawing the Line BD; 

2. Make BD equal to 274 Feet; and by C and D draw a 
Line, and it's ddrie; 
Prob. XVIL To make an Oblique Triangky having the thrte 

... . Sides given. 

Note. Any tvl^o SMes together, muft be greater than the 
Third, to make a Triangle. 

rBD 5251 
Example^ The Side < BC 425 > Leagiles given ; - 

ICD 2SoJ 
With them to make ah Oblique Triangle is roquired. Pldte ii • • 

Fig. 22.. ■ . . ' ' TA 

I. Make BD equal to 525 Leagues; then with 425 Leagues^ 
and one Foot iu B draw an Arc C. 

B% 2. Wit 
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2. With 250 Leagues,, and one Foot in D, cut. the Arc in 
C, and from C draw Xines to B and D, and it's done. 

Scft. IIL Of Proportions for the ready meafurini of Superfides 

and Solids, 

TjAving ihewed how to make the moft common and ufeful 
■^^ Geometrick Figures, I now proceed to their (and others) 
MenAiration, by exa£l and eafv Rules. 

To prevent the Book's fwelling too great, I will not trouble 
you with Arithmetic Calculation, but prefent you with an In- 
ilrumental way of Operation, that's quick and true, eafy and ' 
ready on Gunter'i'Scale^ an Inftrument fo very well known, it 
needs the lefs DefcriptiQn ; only to avoid Repetitions take this 
excellent Rule, 

^ Gf;i/r<7/.R«/ry0rGunter's-Scale, 

Extend the CompafTes from the firft Term (in Geometric Pro- 
portion] to the fecond: That Extent (if right laid) from the 
third, will reach to the fourth Term, or Thing required. 

This Rule well minded, will make what follows r.ppear eaiV, 
and fave many Words and much Time; and therefore to explaiii 
it, take this Proportion, 

As 2 is to 6 ; fo is 5 to 15; which I (horten thus j 

As 2 "S : : 5 •• 15. 

The Extent (on the Line of Numbers) from 2 unto 6, ac-- 
cording to the faid General Rule) will reach from 5 unto 15, 
the fourth Term or Thing required. 

Thefe Words may be fpar'd by the fhort way of writing the 
Proportion and minding the Order of the Terms, as in the rrob- 
. lems following : But, for a full Explanation of the Gunter^ and 
how to Work any Proportion by it, fee my Additions to Mr, 
WAKE LEY'S MARINER'S COMPASS RECTIFIED, 
Page 181, Wc. 

Prob. XVIII. 7he Diameter of a Cir elk given '^ tofindits 

The Rule. As J 7- j .. J ^^]^''^ } : : Diameter .. Periphery. 

Example. The Diameter 34 Inches : What's the Periphery ? 
Anfw. Inches 106.8 Tenths of an Inch. For, 

^^ { I. J " { " 14159 } ' • 24 Inchc3 •• 106.8 Tenths. 
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That is, the Extent of the Compafles (on the Line of Num-^ 
bers) from 7 to 22, or from i to 3.14, tf^c. will reach from 34 
Inches to io6,8 neareil : Obferve the like in all the reft. 

Prob. XIX. By the .Periphery to find the Diameter. 
The Rule. As] 3.14159 ( •• J i. - - > : : Periph. •• Diamet. 

(.1. 3 10.3183) 

Example. The Periphery Inches 106.8 Tenths ; what is the 
Diameter:? Anfw. Inches 34. For as 22-7 : : Inches 106.8 •• 34 
Inches the Diameter required. 

Prob. XX. The Diameter of a CircU given ; to find its Area^ or 

Content. 

TbeRuk. f »• ^'"f itsTeriphery by Prob. i8. Then fay, 
12. As I. •• f Diameter : : i Periphery .. Area. 

Example. The Diameter 14 Inches j What is its Area ? Anfw. 
154 Inches. 

By Prob, 18. The Diameter being 14, the Periphery is 44 
Inches, and by the Rule it is thus ; 

As I •• 7 : : 22 •• 154 Inches, the Area, or Content required ? 

Prob. XXI. By the Periphery to find the Area. 

cth T> 1 S '• ^^'^^ ^^ Diameter by Prob. lo. And then, 
^De Kuie. ^ 3^^ The Area is found by Prob. 20. 

Example. The Periphery 22 Inches; What is the Area? 
Jnjw. Inches 38.5 Tenths. 

The Periphery 22 Inches, the Diameter is 7lnches, by Pr^*. 19. 

And by Prob. 20, it is thus. As 1 •* 3.5 : : 11 : Inches 38.5, 
the Area required. 

Note J The Area is of the fame Name with the Dimenfions 
taken ; That is, if the Diameter, or Periphery be Inches, Feet, 
or Yards, ^c. then the Area is Inches, Feet or Yards, ^c. 

Prob. XXII. To reduce the Area^ or Content of any Thing found in 
Inches J to Feet ; or into Beer, or fVine Gallons. 

I. Rule for Feet; fay 144 •• i : : Area in Inch. •• Area in Feet. 

gJZX{».} ■■•■■' *- '» •"'■• {^« {°*"°"- 

This needs no Example ; and to avoid tiie firft Rule, take 

tbQ DimeofioAS ia f ogt-m^aAire ; diatisj^ iz Inches, pr a Foot 

B 3 divider 
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divided decimally ; that Is, into lOO, looo, lOOOO, tTf, equal 
Par,ts, called the Line of FottuMeafure. 

Prob. XXIII. The Diameter^ ttr Periphery of a Circle givetty /a 
find the Side of the infcrib'd Square^ or the Chord of tp Deg. 

7^.22«/..Asi..{;7^7 } :: {Djamet. | ... 5;,^ of the 

infcribed Square, or Chord or god. required. 

• Example. ' The Diameter of a Circle being 3 F^et and 4 
Tenths; Wha]t is the Side of the infcribed Square, or the Chord 
of 90 Degrees ; Anfw. 2 Feet apd 2.4^38. Parts of lOOOO. 

For ; As I : 0.707 : : 3.4 : 2.4038 the Chord of 90 Deg. or 
gide of the infcribed Square, 

• 

Prob. XXIV, The Bafe and Perpendicular of a Triangle given, ^ 

to find the Area. 

The Rule. "As i •• J Bafe : : Perpendicular'.. Area required. 
Example. The Bafe 16 Iiiches, and the Perpendicular 1^ 
Inches given j I demand the Area ? Anjlu. q6 Inches. 
For i As I •• 8 : : 12 •• 96 the Area i*equired. 

Prob. XXV» The Length and Breadth of a Parallelogram given 5 

to find its Area. 

Definition i. A Quadrangle hath four Angles, and four SideSj^ 
^ A BCD; and is either a. Parallelogram or a Trapezium, 
Plate I. Fig. 21. 

2. A ParalleWram hath its oppofite Sides parallel and equal;, 
sis ABCD ; and is either a Square, a Long-fouar^, a Rhombus, 
or Rhomboides ; the firft two are Re^langled Parallelograms, the 
latter are Obliquangled Parallelograms, 

3. A Square hath four equal Sides, and four equal Ancles: at 
ABCD. Fig. 2^. 

4. A Long fquare, hath its two oppofite Sides equal,, and foui 
equal Angles ; as EFGH, Fig. 24. 

5. A Rhombus, hath four equal Sides, and but-twaoppofif 
Angles equal ; zi IKLM. 'Fig. 2J. -. ..' 

6. A Rhomboides, hath only two oppofite Sides, and two 
fofite Angles equal : as NOPQ. Fig. 26. 

Ail//, The Breadth of the two lafl: is. not IMnor NQ^ \ 
the Perpendicular MN, and QR, and to mca/ure all Poralk' 
grams, obferve this General Rule. 

As I. •• Breath : : Length •• Area r^uired^ : .. 
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Example I. A Square whofe Length AB, and Breadth BC, 
each is Feet 2.5 Tenths ; what is the Area ? Anfw. Feet 6.25 
Parts of 100. For ; as i •• 2.5 : : 2.5 •• 6.25 Area. Fig, 23. 

Example 2. A Long-fquare whofe Length EH, is Feet .2.5, 
and Breadth EF is Feet 1.6 : What's the Area ? Anfw, 4 Feet. 

For ; As I •• 1.6 : : 2,5 •• 4 Feet the Area. Plate i. Fig. 24. 

Example 3. A Rhombus whofe Length IK is Feet 2.5, and 
Breadth MN Feet i;6 : What is the Area? Jnfw. Feet 4. 
Plate I. Fig. 25, 

For; as i •• 1.6 : : 2.5 •• 4 Feet the Area required. 
, Example 3. A Rhomboides whofe Length NO, is Feet 25, 
and Breadth QK Feet 12. What is its Area ? Anfw.' -^oo. 

For ; as i •• J2 : : 25 •• 300 Feet the Area required. 

Plate I. Fig, 26. 
Prob, XXVI. The Diagonal^ ond two Perpendiculars of a Tra^ 

pezium given ; to find its Area. 

Definition I. A Trapezium hath \\;& oppofite Sides, and its op- 
pofite Angles unequal; as ABCD. Plate i. Fig. 27. 

2. The Diagonal^ is a tine drawn from its oppofite Angles ; 
as AC. 

3. The two Perpendiculars, are let fall from the Angles to 
the Diagonal ; as Bf^, and DF. 

The Area of a Trapezium, is found by this Rule. 
As I •• I Diagonal : : Sum of the Perpendiculars •• Area req. 
Example. The Diagonal AC 28 Feet: Thfe Perpendicular BE 
J 5 Feet ; and DF 12 Feet ? What's the Area ? Anjw. 378 Feet. 
For J As I - 14 : : 27 •• 378 Feet the Area required. 

Plate I. Fig. 27. 
Prob. XXVII. The Length and Breadth of an Ellipfis called an 

Ovaly given \ to find the Area. 
The Rule. As i •• Breadth : : Length •• 4th Numb. Then fay again^ 

As 7 I I •• j VqZJ^ f ' ' 4^h Number- Area required. 

Example., The Tranfverfe Diameter of an ElHpfis J2 Feet, and 
Conjugate Diameter SFeet. What's the Area ? Anjiv. Feel 75 trf. 
For ; As 1 •• 8 : : I2 •• 96 the Fourth Number. 
Then, As 14 •• 1 1 ; ; 96 •• 75.4 Feet the Area required. • 

Prob. XXVIII. Tefind the Area of a FdriMa. ■ ;"^ 

The Rule. As i -Axis : : Rouble Ordinal ••4th t'ftt 
Then, fay again. As 3 •• 2 ; ; 4th Number ••.Area rwf'' 

Example. The Axis of a Par4bola o Feet, slid t'hO?'' 
dioatc 8 Feet. What's the Area ? Anfxa. *8 W 
B 4 ■ '•-■ 
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For ; — As I •• 9 : : 8 •• 72 the 4th Number, 

And then ;-*-As 3 •• 2 : : 72 •• 48 Feet the Area required. 

Seaion IV. Of Solids, tbt third Kind of Magnitude. 

Definition. A Solid hath Length, Breadth and Depth, and is 
bounded by one Superficies, is either a Sphere, or a Spheriod j; 
but bounded by more than one Superficies, Is either a Prifini ^ 
Pyramid, a Prifinoid, or ^ Pyramidoid s or compounded of die 
laft, called a Spindle. 

Prob. XXIX. The Diameter of a Sphere given -^ to find the SoUd 

Content. 

Definition, A Sphere or Glohey is a Round Solid, whofe Length, 
Breadth, and Depth, are a-like and equal ; being made by the 
Rotation, or moving of a Semi-circle about its Diameter; whofe 
Solid Content is found by this Rule. 

As j ^^ I •• J r^orQQ I • • Cube of Diam. •• Cont. required 

Example. A Sphere whofe Diameter is Feet 2.42 Parts : What'^ 
the Solid Content ? Jnfw. Feet 7.43 Parts of 100. 

For; — As I •• 2.42 : : 2.42 ••5.86 : : 5.86 : 14.17 the Cube 
of the Diameter ; Then, Feet 

^^ I J "1 o.<;2A 1 * * ^4*^7 •• 7*43 ^^^ Content required. 
In fuch Cafes as this, the readied Way is to extend the Com- 

paffes from the firft Term to the third Term ; and that being 

turned over three times from the fecond Term, will reach the 

Thing required. 

As here, the Extent from i to Feet 2.42, the Diameter, turned 

three times from 0.524, ^e. reacheth to 7 Feet and 43 Parts, of 

100, the Content required. For it's thus ; 

I .• 2.42 : : 0.524 •• 1.27 : : 1.27 •• 3.07 : : 3.07 •• 7.43, that is; 
The Extent from i to 2.22, (on the Line of Numbers) wiB| 

reach from 0.524 to 1.47 5 and the fame Extent will reach from 

1.27 to 3.07 J and the fame Extent from 3.07 reacheth to 7 Feet 

and 43 Parts of lOO. 

Prob, XXX. The Diameters of a Spheriod given 5 to find the 

Solid Content, 
definition. A Spheriod is an Oyal Solid, Longer than it's Broa« 
or Deep ; being made by the Rotation of a Semi^Ellipfis al>ou 
its Axis } the Solid Content is found by this Rule, 
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RmU. As I •• Square of Depth : : Length •• a 4th Num. thenfay^ 

^ J ' I ' I ^' \ • " ^^^ Number •• Content required. 

Example, j/ Spheriody whofe 
-ength or Tranfvcrfe ^^.^ .^ j^^j,^ t 7.2 I ^^^^ 
•gpth or Conjugate * C 4'' 1 

What's the Solid Content ? Jnfw, Inches 63.4 Tenths. 

For it's. As i •• Square 4.1 : : 7.2 •• 121 ; here the Extent 
yai I to 4.1 is turned twice from 7.2, and it reachcth to lai. 
. hen fay, 

A \2il -.• r !'• ? T Inches 6 7.4 tenths, the 

As ^ I } •• "' - t.524 \ " \ Content required. 

Or thus 5 As I -4.1 : : c.524' 2.15 : : 2.15 •• 8.81 ; 

That is, the Extent on the Line of Numbers from i to 4.1 
'ill reach from 0.524 to 2.15 ; and the fame Extent from 2.15 
> 8<8i Parts of 100. 

Then ; As i •• 8.81 : : 7.2 •• 63.4 ; that is, the Extent from 
: to 8.81, will reach from 7.2 to Inches 63.4 Tenths, the Solid 
Content required. 

Prob. XXXI. The Diminfiom of a Prifm given ; to find the Solid 

Content. 

Definition i. A Prifin^ is a ftrait Solid, whofe two Bafcs or 
Ends are equal, parallel, a-liice, and a-lilcc fituate. 

2. A Prifin^ takes its Sir-Names from its Bafe j as a Round 
Prifm, a Triangular, a Quadrangular, or a Multangular Prifm, 
are all meafured by this one General Rule. 

As I •• Area of one Bafe : : LcnQ;th •• Solid Content. 

• Example i. A Round Prifm, called by fome a Cylinder, whofe 
Diameter at each End is - - 21 ? inches 

And Length is 303 

What's the Solid Content r 2nfw. I03q2 Inches. 

A Cylinder's two Bafes are two equal Circles, and therefore 
the Area of it's Bafe is found by Prob. 30. to be Inches 346«4 
Tenths ; Then it is. 

As I •• 346.4 : : 30 •• 10392, Inches the Solid Content requited^ 

ExampU 2. An Elliptic rrifm, whofe Bafes are equal £lli[^'s 

Tranfverfe7 . .^ ^^ ^^^j^ is J i^- 7 

Conjugate 3 J 8. > Inches given. 

Length of the Solid is 30. J 

* lV)iat'8 me Solid Content ? Jnfw. Incites 2262. 
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For Its Bafe being an Ellipiis, the Area by Prob. 27, is Inches 

75' 4» ^^^ ^^^^ ^^ ^^) 

As I •• 75.4 : : 30«- 2262 Inches the Solid Content required. 

Example 3. A Triangular Prifm, whofe Bafes arc equal Tri- 
angles, in each of which, 

The {Je^Vndic'ula'r } ^ ;':} I-**- 6-"- 

And the Length of the Solid is 20 Inches. 
■ What's the Solid Content? Jnfw. Inches 1920. 

The Area of the Bafe. (by Prob. 24) in Page 22, is 96 In* 
ches ; and hen it is, 

As I •• 96 : : 20 •• 1920 Inches, Solid Content required. 

Example 4. A Cube which is a Quadrangular Prifm, ofequai 
X^ength^ Breadth and Depth, bounded by fix equal Squares, 
each Side being Inches 12 : What's the Solid Content ? Anjiv. 
Inches 1728. 

For, As I •• Square of 12 : : 12 •• 1728 : That is the Extent 
from I to 12, turned over 2 times from 12, reacheth to Inches 
1728 the Solid Content required. 

Example 5. A Paralklopipedon, or Quadrangular Prifm, whofe 
Bafes are two equal Squares, of each, one 

. Length':::: }'^ Feet {^;;5S} Parts of too given; 

What the Solid Content ? Anfw. Feet 3.39 Tenths. 

For, As I •• Square of 1.^5 : : 21.75 •• Feet 3.39 : That is, 
the Extent from i to 1.25, being turned two Times from 21.75 
with reach to 3.39, the Solid Content required. 

Example 6. A Parallel opipedon, or a Quadrangular Pnfin, 
ivhofe Bafes are two equal Long- fqu arcs in each, 

Th I Breadth is 1.6 

^ t Depth is 2.Sf Feet given. 

And Length of the Solid 15.5 3 

What's the Solid Content ? Anfw. Feet 62. 
• For V, is. As, I •• 1.6 : : 2.5 •• 4 Feet, the Area of the Bafe. 

V Their, As i -^ 4 : : 15.5 .. 62 Feet, Solid Content required. 

In like manner may the Solid Content of any. Prifm Be 
found, let its Bafe be of what Form foever ; for its Area may 
be found by Prob. 20, 2f, 22, 23, 24, 25, 26, or 27, and 
the Solid Content of the Prifm; by the General Rule in Problem 
the 31ft. 

Prob. 
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Prob. XXXII. The Dimenftons of a Pyramid given \ tofindthi 

Solid Content. 

Definitiofi I. A Pyramid is a ftrait Solid, having Oriljr one 
Bafe, and the other EnS a Point, called the Vertix. 

2. A Pyramid^ takes its Sir-name from its Bafe, as a Round, 
an Elliptic, a Triangular, a Quadrangular, or a Multangular 
Pyramid ; all are mcafured by this General Rule. 

As 3 •• Area of the Bafe : : Length •• Solid Con ten t,. 

Note-, By Length undefftand a Perpendicular from thie Vertex 
to the Bafe, and not the Length of the Pyramid on its Surface or 
outfide from Vertex to Bafe. 

Example* A Round Pjrramid, called by fome a Cone, whofe 

Diameter at Bafe 21 1 j-pUgg given 

Perpendicular Length - - 39 J ^* 

What's the Solid Cpntent ? m/w. [2465 Inches. 

For the Area of the 'Bafe- is Inches 34.6 —'by Prob. 20. And, 

Then ; As 3 •• 346.5 : : 30 •• 3456 Inches, which is the Soli4 
Content reqtiired. . . ' 

The4ik€ do for any other Pyramid, which I pafe 6vtr^ having, 
given fix Examples in a Prifm, and leave you to apply them here. 

l^fob; XXXH-L - The Dim^njions of a Prtfrnoid given ; to find tb^ 

Solid Content, 

Definition i. A Prifmoid^ is. a ftrait Solid naving two unequal 
3afes or Ends, but af^ parallel, like* and a-li]ce fituate. 

2. A Prijhtoidyk as various as ^ Prifm, and is no other than 
the Fruftum of a PyraA)id. 

3. Fruftum of a Pyramid^ is the tower Part of it, when the 
upper Part of rt is cut off parallel to the Bafe j and all of them 
may be meafured by this General Rule. 

1. Mijtiply the Area of each Bafe together, and extract the 
Square Root of the Prodiift. 

2. Add the Area of each Bafe and diat Square Root into 
efie Sum: Then, 

|. Say, as 3 •• that Sum : : Length •• Solid Content, 
lut for a Square Prifmoid^ take this particular Rule ; 
I. To the Square of each Side, add the Pfodu<5l of the Sides 
ipto one Sum j tkcn. 
Say, as 3 •• that Sum" : : Length •• Solid Conteat* 
Arid for a Rou^d Prifmoid this is the }lule. 

"" I. Add 
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f . Add the Square of each Diameter, and the ProduA of thQ 
two Diameters into one Sum : And then, 

2. Say, as 3.82 •• that Sum : : Lens;th •• Solid Content. 

Or more largely thus. As 3 8197, is to the aforefaid Sum^ fi> 
is the Length to the Solid Content, 

Example i. A Square Prifmoidy (or tbt Fruftum of a Sfmare 

Pyramid) whofe 

?^^fft]sideisInches.J'S7, ., . 
Lealt J I 9 1 ^^^^^ given ; 

Perpendicular Length , C 60 ) 
What's the Solid Content ? Jnfw. 8820 Inches. 



V^l ^'5 7 C 225 Square. 

I 9|' *l 9|'*l ^^ Square. 
.Co) C15J Ci^cProdua. 



For; As I •• 

L 93 1153 ti3s 

Sum of the two Squares and ProduA Is - « 441 Inches ; 

Then, as 3 ••44^ : : 60-^8820 Inches, the Solid Content 
icquired ? 

Example 2. A R»und Prifmoid (or a Frujhan of a Cpiir) 

whojfi 

Greateftlr.. ^, . f \.<\ 

T /I r Diameter is 1 ^^ V ^^^ . 
Leaft J -J 0.9 ? Feet given i 

Perpendicular Length is C6o«oJ 

What's the Solid Content? Anfw, Feet 69.25. 
0'5) f^-5l (2.25 Square. 

For $ As I •• ^ 0.9 > : : < 0.9 r •• 1 0.81 Square. 

1 0.9 J • 1 1.5 J C 1.35 Product. 

Sum of the two Squares and Produft - - 4.41 Feet. 

Then as 3.^2 •• 4.41 : : 60 •• 69.25 Feet, the Solid Content, 

Example 3. An Elliptic Prifmoid j or tbi Fruftum (fan 
Coniy whofe 

Greateft Diameter at Top, Inches 7.5 

Leaft Diameter at Top - 5. 

Greateft Diameter at Bottom - - 8.7 VTen^sgiven« 

Leaft Diameter at Bottom 5.8 I 

Perpendicular Length - - Inches 47; o< 

What^ 



^. 
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What's the Solid Content? Anfw.. 1617.4 Inches. For, 

I 58. i" ' ■ . C 0.7 J " I 50.46 Area of bottom Ditto* ' 
As I ••37.5 : : 50.46 •• 1892.25. whofe Square. Rpot is 43.5 

Area at Top - -* - - 37.5 
Area at Bottom - - 5a46 

Sum is - - I3i«46 
Then; As 3.82- 131.46 :: 47*- 1617.4 Inches the Solid 

Content required. 

If the Bafes of the aforefaid Prifmoid had heen long Squares 

the Work is the fame, except only in the laft Proportion ; and 

having the fame DimenGons, its Solid Content is Inches 206O9 

very near, for it is thus. 

As 3 •• 131.46 : : 47 •• 2059.5 Inches the Solid Content. 

Prob. XXXIV. The Dimenfions of a Pyramidoid given j to fni 

iu Solid. ConttnU 

D^nitim i. A Pyramidoid is not a ftrait Solid, it hath only 
one Bafe, and ends in a Point called the Vertex, but the outfide 
from Bafe to Vertex, is convex, either Spheroidic, Parabolic, or 
Hyperbolic, ^€, 

2. A Pyramidoid, takes its Sir-name from its Bafe and out- 
fide ; as a Spheroidic, Parabolic, or Hyperbolic, Round Pyrami- 
doid ; and fo of the reft, as in a Pyramid 3 all may be meafured 
by this one General Rule ; 

As 1.5 •• Area of the Bafe : : Length •• Solid Content, whea ~ 
a Spheroidic, Pyramidoid ; but if > 

Example. A Round Pyramidoid, called by fonie a Conoid, "^ofe 
Diameter at the Bafe — — ^^ll h 
Perpendicular Length -» - - - 30 J '^ 

{Spheroidic ? 1 f 6930 

Parabolic ; > Anfw. 1 5197.5 
Hyperbolic? j ^433i-2 

The Area of the Bafe is Inches 346.4 Tenths, by Prob, 20» 
And then it's, 

C1.5I r6930 Spheroidic C Solid 

As< 2. r •• 346.4 : : 30 •• -J 5197.5 Parabolic s Cont. it^ 
C2.4J C 433 1. 2 Hyperbolic (^Inches. 

Note^ The above Rule (there being no exaft one) for the Hy- 
perbolic Conoid is only an Approximation, which however gives 
the Solid Content very near the Truth. More 
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More Examples I think here necdlefs, having given fo many 
in a Prifm., and the Rule for this and that being fo much alike. 

Prob. XXXV. The Dirmnjions of a Fruftum of a PyraboUc Pyro" 

midoid given ; to find the Solid, Content* 

Definition. Fruftum^ is the loweft Part of a Pyramidoid, cut 
parallel to it's Bafe. 

A General Rule. 

Multiply the Square of the leaft Diameter by the perpen- 
dicular Length, divide that ProduA by the difference of the 
Squares of the Diameters, and call the Quotient your firft Num- 
ber ; add this firft Number to the perpendicular .liength of the 
Fruftum and call the Sum your fecond Number. . Multiply this 
fecond Number by the Square of the greater Diameter, and from 
the Produft, fubtraft the Product of your firft Number by tfie 
Square of the lefler Diameter, then fliall | of the Remainder be 
the Solid Content required. 

Example. The Fruftum of. a Round Parabolic Pyramidoid, 
(or the Fruftum of a Parabolic Conoid) whofp: 
Diameter at Top - - - - ^ i 
Diameter at Bottom - - - 6 ^.Inches given. 
Perpendicular Length - - - 48 J ... 
What's its Solid Content ? Jnfw. 908 Inchea. 

For 5 According to the above Rule the firfl Number will be 
found to be 78.4, which added to 48 the Length of the Fruftum 
gives 86.4 lor the fecond Number, which, multiplied by the 
bquare of the greater Diameter 36, gives 31 10.4 from which 
fubtrafl the Produft of the firft Number by the Square of the 
leiTer Diameter which is 614.4, and there remains 2496^ two 
fifths of this is 998 the Content required. 

Se6l. V. The Application ^of the fvhaUy in meafuring Boards Glafsy 
Plaijleringy Paintings, Pavings and Landj Timber and Stom^ 
Gauging of Cajk^ and a Shi f % Hold. 

I. DOard or Plank, Glafs, and flat Stone,.* are meafured by 
^ the Foot Square, or Superficial Foot, containing 144 
Square Inches, or iz Times 125 fo that to know how. many 
Square Feet arc contained in the Area, or Content of any Su- 
perficies taken in Inches, the Proportion is this : 
^ As' 144 .. I : : Content in Inches •• Content in F«et. 
, Biit the eaficff Way, is to have the Foot of 12 Inches divided 
decimally into iCO Parts, called Foot Meafure^ and by flich'a 

Foot, 
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Foot, to take the Dimenfioiis of the Thing you would .meafure, 
or know.the Content of, in Feet. 

Then confider, if the Thing to be meafured be a Cirqle,' 
Triangle, Square, Long-fquare, £«fri the Rule proper for fuch 
a Figure (in Si£lion 3. of this Chapter) direiSta to find the Area^ 
That is. 

If thfe Thing to be meafured by a Circle, then Proh, 20. Qf 
21 fheweth how to find ifs Area ; if it's a Triangle, then Prok, 
24 gives a Rule to find the Area; if a Farallelogfam Prok>-2S 
hath" a Rule to find its Area, whether it be a Square, a Long- . 
fquare, a Rhombus, or Rhomboide ; now Floors and Ceilings " 
of Houfes are generally Squares, or Long-fquares ; alfo Boar(b^ 
Planks and flat Stones, are (commonly) Square or Long-fquares; 
If a Trapezium, then Proh, 26. (hewcth how to meafure it ; if it 
be an Ellipfis, Proh. 27. hath a Rule for its measuring, and luch 
are oval Tables ; and if the Thing to be meafured be a Parabola, 
then Proh. 28. fhev/eth how to find its Area. 

2. Plai/terhgy Paintings and Pavings is tueafured by the Yard 
Square, containing nine Square Feet; and therefore after you 
have found the Content in Feet; the Proportion is this. 

As 9 •• I : : Content in Feet •• the Content in Yards. 

3. Timber is meafured by the Cubic Foot, containing 1728 
Solid Inches ; And when the Content of any Solid Body is 
known in Cubic Inches, to reduce them into Cubic Feet, which 
is the Timber, or Stone Foot, the Proportion is this. 

As 1:728 •• I : : Cubic Inches ..Solid Feet. 

But meafuring the Dimcnfions of a Solid, by the aforefaid De- 
cimal Foot, the Rules' proper for it (in Se^. 3. of this Chap.) 2s 
a Sphere, Prifm, W^, Finds the Solid Content in Feet. 

That is, if it be a Sphere, then Proh. 29. hath a Rule to find 
Its Solid Content, fuch arc Bullets, and Granadoes ufed in great 
Guns, Mortars or Bumbs. ' . . \ 

If a Spheriod, then Prcb, 30. fheweth the meafuring of it, and 
fuch are Things in Shape like an Egg, whofe Ends are equal. 

If a Prifm, then Proh, 31, dire£l:s its Mcafurenient, and by 
this all ftrait Pieces of Timber or Stone, whofe Ends are alikp 
and equal, are meafured. 

If a Pyramid, then Proh. 32 fhews the meafuring it, and fucfi 
arcSpireSteepIes,and all ftraitSolids ending in aiPointat oaeEild; 

If a Prifmoid, then Proh. 33 fheweth its meafuring, and fwqh 
is all Taper Timber, whether Round or Square. ■..#.- . 

If a Pyramidoid, then Proh. 34 fheweth the ^meafuring ~bffl^ 
and fuch is the Half of all Caflcs, if they were contimied 6fi 
the Bung by the Head, till they end in a Point* 
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If a Fruftum of a Pyrabolic Pyramidiod, then Pr^i, 35 fervcs 
to meafure it, and fuch are clofe Cafks, if cut in Halves through 
the Bung, and parallel to each Head ; fo that by this Problem is 
taught the Way of finding the half Content of a Ca(k, whofc 
Double is the whole Solid Content : , But a more particular Rule 
for Gauging a Cafk, followeth in the'next Problem. 

4. Land is meafured by the Rod or Pole, containeth in Length 
Feet 16 I, and a Square Rod is Feet 272 |, an Acre of Land 
containing 160 Square Rods 

Now the readieft way to caft up the Content of Land in Acre^^ 
IS to take the Dimenfions by a four Pole Chain, decimally di- 
vided fthat is, into ico Links) then the Rule (in SeSf, 3. of this 
Chap.) proper to the Form of it, (whether a Triangle, Square, 
Long-Square, Rhombus, Rhomboide, or Trapezium,) finds the 
Content in Square Chains, which are turned to Acres thus ^ 

As 10 •• I : : Square Chains •• Content in Acres. 

5. Gauging is by the Gallon, and that either Beer, containing 
282 Cubic Inches, or Wine 231 : Then to reduce Cubic Inches 
into Gallons of either Kind, the Rule is \ 

As J J^M .. I : : Cubic Inches •• Gallons of { Jjf J^ 

So that the Dimenfions of any Solid Body taken in Inches, 
the proper Rule for that Body, finds its Content in Inches^ 
and the Rule above finds the Gallons of Beer, or Wine it will 
hold. 

Prob. XXXVI. 6. To Gauge a Cajky taken as the middle Fruftwn 

of a Spheroid. 

TJje Rule. i. Add twice the Square of the Bung-Diamfter, 
and once the Square of the Head, into one Sum. Then fay, 

2. As 3.82 •• that Sum : : Length •• Solid Content of the Caik 
in Inches ; and then the Gallons of Beer, or Wine, are found 
by the foregoing Rule. Or thus, 

1. Say, As i-*0.7 : : DifFerence of Head and Bung ••a 
Fourth Number. 

2. That 4th Number add to the Head Diameter, the Sum is 
a Mean Diameter: Then fay. 

As { J^;95 } .. Sq.MeanDiam. : : Length .. { ^!ne} °***^* 

Example. A Cafk whofe Bung Diameter is 23. 
Head Diameter ------- iq.q 1 • t 

Length of the Cafk ^9 J ji„^hes g,v«i. 

What's the Content thereof in Beer, or Wine Gallons ? 
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Anjwer. Reer Gallons 36.99, or Wine Gallpns 45.5. 

As f ••0.7 : : 3.1 ••2,17, which added to 19. 9 ; makes the 
Mean Diameter to be 22.07. Then, 

As] ;8;W } .. Square 22.07 : : 27.4 •• { f^^Tn<. } G=^''°"*. 

That i« -^ the Extent (upon Gunter's Line) from the Firft 
Term to the Second, twice turned over from the Third, gives 
the Gallons required. 

Problem XXXVIL 7. To meafun a Shipy that is^ to find hir 

Tunnage, 

The Rule. 1. Say, as i ••Breadth : : Half Breadth ••Fourth 
Number. 

2. Then j As 94 •• 4tli Number : : Length •• Tum required. 

Example. A Ship 75 Fleet by the Keel, and 23 Feet by th« 
Beam: What's her Tunnage ? Anfiu. 211 Tuns. 

For, As I •• 23 : : 11.5 •• 264.5, the 4tH Number, 

Then, as 94 •• ^64.5 : : 75 •• 2ii Tuw required, 

8. To meafure Bales or Cafes, or to give the Tunhage rf them ; 
they are Prifnu^ and their Dimenfion$ taken by the Decimal 
Foot, the Content in Cubic Feet is found by PrMem 31. 
And then fay. 

As 66 •• I : : Cubic Feet •• Tuns required. 
Or thus, As 66 ** Area hafe : : Length •• Tuns required, 

r Breadth 1 C4.2I 

Example. A Bale whofe ^ Depth > is Feet < 2.6 ^ given. 

<^ Length 3 ^5*7 J 

What*s the Content in Tuns ? Anfut. 0.043 Parts. Fpr 
As I •• "4.2 : : 2.6 •• 10.92 Area of its Bafe : Then, 
As 66 •• 10.92 : ; 5.7 •• Tuns, 0.943 Parts required. 

Note, That 66 Feet is the Content of a Cafe that inclofcth 

two EngUJh Butts, fo that this Rule includes the Cantlings of the 

Cafk, which is better than \ Part ; therefore allowing the Cant^ 

lings or Vacancy to be 26 Feet, the remaining 40 P eet is to be 

- counted for a Tun : And, V 

Then will the forefaid Bale contain ^un 1.556 Parts* For, 

The Rule is. As 4c •• Area Bafe : : Length •« Tuns req. 

As 40 •• Area Bafe 10.92 : : Length 5.7 •• Tun 1.556 Parts. 

So much for Geometry-, Trigonometry i^ next in order to be 
learned. 
. . C Ch^ip. IL 
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Cbap. II. Containing the Doffrine of Plme-Trianglefl. 

CT^RigonQmitfy^ is that part of Giomitry^ which treats more par* 
-^ ticularly about the meafuring of 1 riangles, wherein haviiig 
three Things given, either all Sides, or Sides and Angles, or Afl^ 
gles only in Spherics; a 4th (Side or Angle) may be found; and 
is either Plam or Spbaric ; It's the former we begin with. 

• 

Sedlion I. Of Things neceffary t$ be undirfltai^ relating to Plane 

Jrigenemetry. 

I . A Triangle^ is any Three comerM Figure ; it conftfteth of 
'^ Six Ihings, Tb*ce Sides and Three Angles» and is either 
Plane or Spheric. 

2. A ptane Triangle is projeAed on a Plane of Flat Supers- 
iicies, and therefore its Sides are Right-lines ; but the Sides of a 
Spheric Triangle, are Arcs of the Sphere, of which more in the 
Chapter of Spheric Trigonometry. 

3. An Angle is the meeting of any two Lines, making a Cor* 
■ ner ; and is either a Right-angle, containing jutt 90 dc^, or 

Oblique, more than 90 deg. called an Obtufe- Angle, or lefs than 
90 deg. called an Acute-angle. 

4. When two Lines crc2Ing one another, make :he Anglca^ 
on every Side equal, then thofe Angles are Right, and the Linc^ 
are perpendicular to each other. 

5. A Degree^ is the ^60 Part of the Periphery of any Civole ^ 
the half 180 is a Semicircle and the 4th Part, 90, is called a 
Quadrant ; Alfo a Degree containing 60 Min. and a l^in. 
60 Seconds, l^c. as in Prob. IX. Deiin. i. of Geometry, in,. 
Page 1 5. 

6. By Complement of any Number of Degrees, undei^and 
what thofe Degrees want or 90* 

7. A Triangle, is either Right-angled, having ont Rjg^tU 
angle ; or Oblique, having no Right-angle. * 

8. In a Right- Ande-Triangle, the Si& oppofite totheRight* 
angle, is called the Hypothenufe, and the two Sides containkig^ 
the Right-angle, are called Legs. 

9. In all Plane Triangles^ the Sum of the three Angles is »8o 
Degrees. 

10. The Angles (of a Plane-Triangle) being given, the Ptf>^ 
portion of the oides only can be determined ; therefore^ 

IF. Im 
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II. Irt a Right- Angle-Trianele, two things given (one of 
them a Side) are fufficient to find a Third : But, 

X2. In ObliquiTriangUt three things^ and one of them a Side, 
muft be given to find a Fourth. 

13. l^hiree Letters fighify an Angle; as BAC fignify the An- 
gle A \ And two Letters a Side. AB fignify the Side AB, ^c. 

14. Given Things, whether o ides or Angles, are marked with 
a Dajhj thus T'.) and required Things; with z Cypher y thus (*^,) 

15. { t] -f«^ =^7 Number fignifies | ^^^^ ] thus 

25d. is 25 Degrees, and 31m. is 31 Minutes. 
S. T fSine. 

S. c. Sine Complement, or Co-Sine* 

T. Tangent* 

T. c. Tangent-Complement^ or Co-Tan, 

Sec. > ftands for <^ Secant* 

Sec. c. Secant-Complement, or Co*Secajiit« 

Co. Ar. Complement Arithmetic. 

is to, or to the 
\Jo is ; As thus, 2 •• 4 : : 3 *• 6* 
That is. As 2 is to 4, fo is 3 to 6. 

16. There are feven Cafes in Right- Angle-Triangles, and fix 
in Obliqi^e. Their Solutions follows but firft of Right-Ang!e- 
Triangles. 

Seftion- IL The ftrft Axiom^ and the feven Cafet tf Plane Right* 

Angle-Triangles depending thereon. 

Axiom i.TN all Plane Right- Angle-Triangles, if one of the 
^ Sides be made Radius,' the other two will be either 
Sines, Tangents, or Secants ; That is, 

1. If the Hypothenuf(^ be Radius, each Leg is the Sine of 
its oppofite Angle, See PlaU 2. Fig. i. marked for the firft 
Axiom. 

2. If one Leg .be Radius, the Hypothenufe is a Secant, and 
the other Leg is a Tangent of the' Angle oppofite to this Leg. 
See PlaU 2. Fir. 2. titled for the firft Axiom. 

N$te I. To find a Side, any Side may be Radius, (ayiiig thut| 
As the Word on the Side given, is to the Side g ven ; 
So is the Word on the Side required, to the Side>requirod. 
Note 2. To find an Angle, one of the given Sides mill 
Radius : Then fay, . -* 

As one given Side, is to the Word on it; 
So is the other given Side, to the Woid on it. 

C 2 
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Obferve to begin with the Side made Radius. 

And what Proportion the Side (made Radius) hatk to Radius;. 
the fame hath the other Sides^ to the Sines, Tangents^oF Secants 
by them reprcfented ; and the contrary : And, 

Thefe two Notes (to the drligent Reader) are fuAeient ta 
frame any Proportion by the firft Axiom, making any Side of a. 
Right-Angled-Trianglc the Radius. 

Problem I.. Cafe i. Tbt AngUs^ and H^oihemife giveh y U find- 

either of the Legs. 

Examp. In the Right- Angle-Triangle ABC, Plate 2. Fig. i. 

^^^ [ A J^e B AC 54d. ^om'. 1 B*^^" ^ ^"8 1 BC } '^V^'^^^ 
Thib Triangle is made by Preb. lo. of Geofnetry^ in Page 17- 
If you make the Hypothenufe AC Radius, the Proportion (by 

Jxlem I. and Note i.) is thus. 

As Radius, is to the Hypothenufe AC ; fo is the Sine o£ thfr 

Angle BAC, to the Leg BC. Or thus briefly j, 

Radius .. Hypoth. AC : : S. BAC, .. Leg.BC 

S. 9pd. 121 Leag. 54d. 30m. 

9.910686. 
2.082785 

Lcag« 



J 1.993471198.51 Parts. 

To work Proportions byiogarithms, obferve this 
General Rule : Add the Logarithm of the Second and 
Terms together ; and from that Sum fubtra£l the Logirltlun of 
the firft Term, the Remainder is the Logarithm of the fburdt 
Term, or Number fought. 

As in the foregoingrroportto.n, the Sum of the Logarithms cS 
Ibhe fccond aiid third Tertns added together is 11.993471^ frotai 
which it is eafy ta fubtraA the Logarithm of the firll Teim (be- 
ihg Radius) by cancelling (cutting off, or leaving. out) th6 iirfb 
Figure to the Left-hand, and then it is ^1^993471, which brings 
forth 08.51 ; that is, Leagues 98.51 Parts of lOO for the ^^ 
BC, the fourth Term, or Side required. 

By Gunter's Scale, thus, 

Radius. .AC : : S. BAG .- BC. That is, 

S. god. •• 121 Leag. : : S. 54d, 30m. -Leag. 98.5 Tentiis. 

That is to fay, the Extent from Sine 90S, (on the Line ofT 
Sines) to 121 Leagues (on the Line of Numbers), will reach-fram.. 

Sine* 
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"Sine 54d. 3oni. (on the faSne Sines) tp Leagues 98.5 Tenths, 
{on the Line of Numbers) for the Leg BC^ nearly as above. 

Obferve the like in all that follows, except in thofe Prppor- 
ticMis wherein is .the Word Secaiit, ivhich is wrought only by the 
Log^itbms. 

The three federal Proportions, mabjogxach Side JK.a(lii»s;, to 
&id the Leg BC» ave thefe which follow^ 

Radius - S. BAG } 

Sec. BAC-T.BAC > -, Hypothenufe AC-Leg BC. 
Sec. ACB - Radius 3 ^ ' " 

Likewife to find the Leg AB, they are thefe following^ 
Radius .. S. ACB i 

•Sec. B A"C ►• Raflius jl : jL Hypothenufe AC •• Leg ABL 
Sec. ACB ..T. ACB J 

r 

Note^ 'When Radiys is npt the firft Term in the Proportion, 
then take the Complcmenit-AriAmetic of the Logarithm of the 
£rft Term ; (which Ihow' to find, is fliew*d in Chap. i-. Seft. 2. 
Proportion 9. of the Ufe of:the Table of Sines, Tan^nts an^d 
Secants, in Page 306.7 This Coipp. Arith. or Co. Ar. add to 
the JyOgar. of the Second and Third-Terms, and from the Cha- 
raderiftic of their Sum fiAtra£l ^ooriito, the retifaining Figures 
is the Logarithm of the Fourth Term fought ; as may & ieen in 
the fo^wjng Proportion in Problem IL 

Prob. IL Cafe 2 and j. The Angles and me Leg given \ to find 

if he Hypothenufe^ and the iHher Leg, 

• » 

. Example. In the Right- Angje-Triangle ABC. PJaUi. Flg.t. 

This Triangle is made by Prob. \%. of Geometry, P. ij & r8. 
|. To find the Hypothenufe AC, make it Radius, and the 
Proportion (by jfxiom u and Note r.) is-thus, 

A3 the Sine pf (her Angle 3AC) is to the Leg BC^ £0 is 
Radius, to the Hyppthenufe AC. Or thus, 
S. B AC .• Leg BC : : JBLa4iu8 - Hypothenufe AC,. 

54d. '30m, 95 Leg. — 

10.000000 

1.991226 

Go, Ar. 0.089314 

/Leag. 

^2.080540^ 120 t5 

C 3 8f 
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Bf Gunter*8 Scale, thus ; 

S. BAC •• Leg BC. : • Radius •• Hypothenufe AC. That is, 

S. 54^. 30'. •• 98 L. : : S. ood. •• Leagues 120.4 Tenths, 

That is, the Extent from Bine of S4d. 3oni. (on the Line of 
ISines) tQ q8 Leagues, (on the Line of Numbers) will reach fma 
iSine of god. to L6ag. 120.4 Tenths, ths Hypothenufe fcquirecL. 

The three leveral Proportions, making each Side Radius, t» 
find ihe Hvpothenufe, are thefe following. 

S. BAC -Radius | 

T. BAC .• Sec. BAC > : : Leg BC .. Hypothenufe AC 

Radius -Sec. ACB-J 

And to find the Leg AB, they are theft i 

S. BAC-S. ACB> 

T. BAC •• Radius k : : Leg BC - Leg AB, 

Radius ..T.ACBJ 

■ 

Not£ ; In working by (yi^«r, when a Tangent ip mentioned, 
the Radius then is ^e Tangei^t of 45d. a^ iu th^ two laft Prov 
portions, it is. 

As T. BAC -Radius : : Leg BC -Leg AB. Which is, 

T. 54d. 30m. ••T.4sd.: : 98 Leag. ••Leag. 69.9 Tenths. 

That is, die Extent from 54d. 30m. to 454. (on the Lim£ ef 
Tangents) will reach from 98 Leagues, to Leagues 69. q Tqiths 
on the Line of Numbers^ for the Leg AB. 

As Rad. .. T. ACB : : Leg BC-Leg AB. Which is, 

T. 4sd. •• T. 35^ 30' : : 98 Lcag. •• Les^. 69.9 Tenths. 

That is, the Extent from T. 45d, to T. 35d. 30m. will reach 
ffom 98 Leagues, to Leagues 69.9 Tenths, as before. 



Prob. in. Cafe 4 and 5. Tbe Hypabenufi and one 

find the JngUs and the ether Leg. 

Example. In the Right- Angle-Triangle ABC, Plate 2. Fig. t, . 

This Triangle is made by Prob. 11. of Geometry^ Page 17. 

I. To hnd the Angles. 
If you make the Hypothenufe AC Radius, the Proportion (hf 
jtxiom I. and Note 2.) is thus : 

As the Hypothenufe AC, is to Radius ; fo is the Leg AB, to 
the ^ine oi the Angle ACB. Or thus, 
ilypot. AC • Rad. : : Leg AB • S. ACB. 
221 Leag. ••9od. : : 69Leag. -S. 34d« 46m. Which -' 
Subtradl from ----- oodLcom. 

Remainder is the Ande BAC - 55d. 14m. by the 9th of 
ZeQ. I. of this Cbaftir in Pagi 34* /Uiff 



AimI if th( Leg AB \» Ritduts, (h^n the Proportion (by AMom i . 
and Note 2.)' is thus. 

As the Leg AB, is to Radius $ fo is the Hypotbenufe AC, to 
the Secant of the Angle fiAC. Or thus, 

AB 69 Leag. ••Radius : : AC 12X L^g.-Scc. ]BAC 55d. 

N9te ; This Proportion is not wrought on the Gunter becaufc 
of the Word Secant in the Ath Term; but being wrought by the 
Tablis (as before direded; will produce the Angle BAC 55d» 
1401. as above ; which fubtradled from QOd. gives 34d. 4j6m. for 
the Angle ACB, as before. 

2. The Leg BC m^y be found by the i ft or 24 Cafe feveral 
Ways : As thus, 

Radius ..AC :: S, BAC^I 

S. ACB ..AB :: S. BAC | 

Sec. BAC .. AC ; ; T. BAC 1 tj^t- -r .v. 

Ridius .. AB : : T. BAC \ " ^^ ^H^^ 994 Tenths- 
Sec. ACp.. AC : ; Radius 
T. ACB .. AB : : Radius 

Problem IV. . Cafe 6 and 7. Tbe Leg given -^ tg find the Angks^ 

and Hypotbenufe. 

Example. In the Right-angle,' Triangle ABC. Plate 2. Fig, 4. 

This Triangle is made bv Problem 13. of Geometry, 

I. Make the Lefe AB Radius, and thp Proportion (by 
diatom X. w4 ^oU 2.; is thu6. 

As the Leg AB, is to Radius ; fo is the Leg^C, to the Tan- 
gent of the Angle BAC. Or thus. 

Leg AB^ .. Leg BC : : Radius .. T. BAC, . • 

?8 Leag. •• 69 Leag. : ; T. 45d. .. T. 35d. 09m. wbic^ 
ubtra^ from r - f f. - - ^od. oonj. 

■ I 'll " ^»— ^ 
The Remainder i$ ----- 54d. 51m. the Angle 
ACB by the 9th of Se^hn I, of this Chapter^ iii Page 35. 
And if the Leg BC be made Radius, the Proportion is thus ; 
Leg BC .. Leg AB : : Radius -T. ACB. 
69 Leag. .. 98 Leag. : : T.454- •• Tc 54d» 51m. as before. 
Which being fubtraSed from 90^ leayeth 35d. 090). for the 
Angle BAC. either of thefe Proportions is fufijcjent tp find 
bpth Angles. 

C 4 J, The 
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2. The Hypothenufe AC may be found (by the ad Cafe) 
feveral ways. 

■ 

Firft, Making the Hypothenufe AC Radius ; thus, 

i ACb'ab} • • R^l'us- Hypothenufe AC. 
Secondly, Making the Leg AB Radius, thus, 

T^BACBc} ' • ^^' BAG.. Hypothenufe AC. 
Thirdly, Making the Leg BC Radius, thus, #. 

T ACB '' AB } • • ^' ^^^ •• Hypothenufe AC. 
Thcfe fix Propofitions, if the Learner works theQi> hell find 
them all produce Leagues 119.8 for the Hypothenufe AC. 

Nat£ ; The 5th and 7th Cafes may be performed by the 47th 
Propofition of the firfi Boot of Euclid's Elements^ which proves 
the Square of the Hypothenufe, is equal to the Sum of the 
3quares of the two L«egs .; Therefore, 

1. By common Arithmetic, extra^ing the Square Root^ the 
Rules are thefe, 

Firji, In the fifth Cafe to find a Leg; when the Hypothenufe, 
and one Leg is given j Thus, 

The Square Root of the Difiercnce of the Squares of the Hy- 
pothenufe and Leg, is the other Leg. 

Secondly^ In the 7 th Cafe to find the Hypothenufe, when both 
the Legs are given ; Thus, 

The Square Root of the Sum of the Squares of both Legs, is 
the Hypothenufe. 

2. By Logarithms in thefe two Rules following, 

FirJI RuU^ When the Hypothenufe, and one Leg is given, tq 
find the other Leg ; Thus, 

Half the SMm of the Log;arithms of the Sum, and Difference 
of the Hypothenufe, and given Leg ; is the Logarithm of tfaq 
Leg required. 

Second Ruli^ When both Legs are given, to find the Hypcw 
thenufe, it is thus. 

From the double Logarithm of the greater Leg, fubtraft the 
Logarithm of the leflerLeg; the abfol it te Number anfwering to- 
it, add to the Icfler Leg ; half the Sum of the Logarithms m 
that Sum, and Icfler Leg, is the Logarithm of the Hypothenuft* 
required, ^ 

Bxamplf 
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Example i; The Hyptthinufe AC 121 Leagues, aii^-jh^e Ijeg 
AB 69 Leagues : What is the Leg BC by the Squan Roct ? 

' Hyp$thcnufe AC ^ * ^ - - 121 And Leg AB 69 

X2I 69 

242 414 

121 . ^ ^m,i^. 

* '■* T 5f«^/of AB is 476t 

Squari of AC h « . « « - 14641 
iSffOTT/ of AB is - . «. - ^ 4^1 

Diff". tftbt Stuarts is - - - - 9880(99.39 is the Z<r/ BC. 

8j " 



• • 



x89}i78o 
1701 



4983)7900 
5949 



19869)195100 
X78B21 



'mm 



Remainder is - - •? - ■- . - - 16279 

$0 that the Leg BC is Leagues 99.39 Fftrts pf i^^ 

By L^ariibms^ tbm. 

Tht Hyp9tbetntfe hC - - - Xtfl Le^ues.v 
The given Leg AB - ^ - 69 Lea^ue«. 

Sum of AC an(f AB « - - 190 its f^jforiVAm is 2.27^754 
Diflerence •f AC and AB - i> 52 itt Li fgarithm H i.yt^oe} 

The Sum of the Z^^/iTri/i/T^j is ....«• * 3*994757 

# ■■■ I— .^— ■ 

* The half Sum of fliefe Logarhhme ----- '•99737^. 
Whofe abfolute Number is 99.39 ; ^^ ^^> Lsngmi - 99*39 
Parts of 100 is the Leg BC, as before. 

Example 2. The I^g' AB is 98 Miles, andtheZ«BC69 
Miles given : What is the Hypathenufe AC ? bv the Sqwi R^t. 

The 
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HieliCgAB - - - -98 And Leg BC • - - 69 

98 ,69 

784 6%i 

88? , 4>4 



Squtreof ABis • - ^ 9604 Square of BC - - 4761 

Square of BC is 4761 

Sum of the Squares is - - 143651 "9-^ **^ >* 1x9 Leagues tl 

1 ' * is the Hypothcnvfc AC. 



««•■■•" 



21 

t 

229)2265 
2061 

2388(20400 
I9IO4 

Reminder is - - - - - - 1296 

By Logarithms f tbta^ 

The greater Leg AB q8« its Logarithm is - - r.991226 
Multiply its Logarithm by------- - * " -^ 

The double Lonrithm of the Leg AB is - - r 3.o8245X 
The lefier Leg BC 69 Miles, its Logarithm is - - 1.838849 
Abfolutc Number 139.2 a nfwering the Logarithm is - 2.14360^ 

Sum is - -» 2o8.a its Lo^ithm is - - - 2.^18481 
The lefTer Leg BC 69 Miles, its Logarithm is - 1.838549 ' 

The Sum of the two. laft Logarithms is - - - 4:15733 
The half is the Logarithm of AC 119 ri require4. ^.078^65 

SeAkm IIL Thru ctbtr Admt^ with the /he Cafit rf OUtfm 

Plam TriangUs tberiU9t§ hbnging. 

Amvm 2. T N all Plane Triangles, the Sides are in fuch Propor- 
'*' tion one to another, as are the Sines of their oppo^ 
fite An^es, That is, 

1. As the Sine of any one Angle, is to its oppofite Side; fo «| 
the Sine of any other Angle, to its oppofite Side. ? 

2. As a Side, is to the Sine of its oppofite Angle ; fo xtzfkj 
other Side to the Sine of its oppofite Angle. 



Se&. ilL Plane l^rigcvmnetrj ObU^\ 4^ 

Noti\ To find a Side, begin with an Angle ; but to find an 
j^^le,. begin with a Side, 

From this Axi$m are dfftwn the Proportions for the Firft, 
Second^ and Third Cafes following. 

Prob. Vt Cafe I. Of OUiqmngleSj Two AngUsy and gm Sidf 

given ; to find iitber of the other Sides. 

Example. In the Oblique Triangle BDC. Plate 2. Fig. 5. 
f . , fBDC loid. 25m.^ ACI>1 

The < ^"8^^ I CBD 44d. 4am. S' given : Side^ and > leq. 
ISide . - BC 76 Yards 3 CBD J 

Thi3 Triangle is made by Problem 14. of Geometry^ in Pages 
18 and 19. 

I . The Proportion according to the Second Axiom for finding 
~ the Side CD, is this ; 

As the Sine of the Angle BDC, is to the SideBC ; fo is the 
Sine of the Angle CBD, to the reqyir^ Side CD. Or thus, 

S. BDC •• Side BC : : S. CBD •• Side CO required. 
S» xoid. asm, •• 76 Yards : : S. 44d. 4am. v Yards 54.53 hund« 
i8od. com. 



S. 78d. 35m. 

^otei The Sine of loid. 25m. is found bv fubtrading itfi:om 
1 8od. according* to Chapter 1. Se^om. PropofitionS. Of the 
Vfe of the Tables ofSines^ Tangents ^ &c. in Pa|c 301. 

2. To find the Side BD, the Proportion is, 

S. BDC -Side BC :: S. BCD -SidoBD. 
Sw loid. asm. •• 76 Yards : : S. 33d. 53m. ••Yards 43.23 hund. 

j.Sod. com. 

• ?• 7W. 35^^./ 

Problem VL Cafe 2 and 3. Of OhUqtumgles. 

Two Sides f and an jtngle opfofite to one of them given ; to find tho ' 
other opp^te AngU^ and the third Side. 

Note ; The given Angle Obtufe, the Angle ibught is Acute. 

JBut when the given Angle is Acute, and oppof^te to the leffbr 
jriyen Side then the required Angle is doubtful, whether Acute or 
Dbtilfe, and ought to be determined before the Operation. 

Example. In the Oblique Triangle BCD, Plato a. Fig. 6. 

Side 
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^. . C BC io6 I 1 C Angle BDC Obtufc, 7 

^*^* \ BD 6s J Yards > given :< and the J- rcq. 

An^le BCD ?id. 49m. 3 i Side CD J 

This Triajigle is made by Pr§i* 15. of Gi9mitry^ in Page 19^ 
1. For the Angle BDC the Proportion is, 
At the Side BD, is to the Sine of the Angle BCD ;, fo is thf 
Side BC, to the Sine of the Angle BDC required. Or thus» 
Side BD - S. BCD : : Side BC .- S. BDC. 
65 Yards ••S. 3xd. 49m. : : 106 Yards -'S. sQd. 17111^ which 
Subtradfrom ------- i8od. oom. 

* _ 

Remainder is the Angle BDC> , - - i2od. 4?in« 

Noti\ The Proportion produceth 59d. 17m. for the required 
Angle : But being Obtufe, you muft take it's Supplement to 
i8od. viz. I sod, 43nfi. as above is done. 

2. Find the third A,ngle by the ijth of Se6l. L of this Chapter, 
in Page 34. then you may find the Side CD by the firft Cale. 

Tliis Cafe hath been omitted by moft, the Keafon /I fuppofe) 
i3 the d<^ubtfulnefs of the Reouired Anrie ; but if determined 
(before) to be either Acute or Obtufe, the third Side-is limited, 
and then may be a Cafe as well as any other ; aiid the Propor* 
tions may be, 

S. BCD •• Side BD : : S. CBD •• Side CD, 

S. 3id. 49m^ •• 65 Yards : : S. 27d. 28m. •• Yds. 56..8S. Or, 

S. BPC •• Side BC ; : S. CBD -. Side CD. 

S. I20d. 43m. •« 106 Yds. : : S. 27d. 28m. •• Yds, 56.88T«iths 
as before. ■ i 

Jxiom 3-T N dlPlslne Triangles; as the Sum of two Sides, is to 
-'' their DifFerence ; (b is the Tangent of the Hal ^Sum 
x)f their two oppofite Angles, to the Tangent of the half-Diffe- 
rence of the faid two oppofite and unknown Angles. Then, 

Add the half Difference of the Angles to their half Sum^ fiiids 
the greater Angle ; and fubtra6t the half Difference from the half 
Sum, finds the lefler Angle. 

PrcA. VII. Cafe 4 and 5. Two Sides mid thtif^ a&ntaikeJI A^^ 
given \ Ufind either of the vtber Angles^ aad the third Side. 




Angle CBD loid. 30m. 

Ibis Triangle is made by Prcb. 16, of Geometry , •m.Page'i^^. 

1. For 
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1. F^jhe Angle BDC, and BCD, the Operation is^ 
iidi j 



BC 109 
BD 7^ 



Sum'of Sides 185 



Thcf three Angles . - .. ^ i8od, oonu 
Subtraft the given Angle CBD * loiA. 3001* 

Th eir-DiC 33 '^^ twooppofite Angles { l""^.^^ 7^; 3^; 

Then, As the Suih of the Sides BC and BD, is to Aeir Diffe- 
rence J fo is the Tangent of half the Sum of the Angles BDC 
and'BCD, to the Tangent of half their Difference. Or thus. 

SumBC&BD^-Diff.BC&BD:*:T.iSumAngle..T.iDiff. 

185 Leagues •• 33 Leagues ::T. 39d. 1501. ••T.W.I Ji». 

The half DifF. of the Angles - - o8d. 17m. 
Added, is the greater Angle - - - 47d. 32m. BDC 7 
Subtraa, is the IplTer Angle - - . 3od. 58m. BCl) J "'^ 

2. The Proportion for the Side CD, (by the firft Cafe of 
Oblique Triangles) may be this : 
S. BCD ..SideBD::S. CBD .-Side CD, 
S. 3od. 58m. «• 76 Leag. : : 5. loid. jpm. •• Leaga 44*7 Tenths. 

Jxiom 4. pRom tiie half Sum of the three Sides, fubtra£l each 
^ Side (bat firft that Side oppofite to Ifte Atirie re- 
quired, then the reft) feverally, noting the Remainders. Tb^n». 
As die Produ^ of the half Sum of me Sides, and firil Remaia-> 
der, is to the Product of the Other two Remainders; fo is the 
Square of Radius, to the SquaJTe of the Tangent of half the Angle 
oppofite lo that firft Remainder* 

Prob, VIIL Cafe 6. thni Udes^ ^hfHj UfaidahJfigk^ 

Exampli., In the Triangle BCD. Pku%^ Fig. 8. 
fBC - icjl CBDC7 

The Sidf -J BD . 85 fFeet given : Angle {bCD > req. 
tCD ^563 CCBDS 

^This Triangle is made by Pr^b. 17. of G/ometryiy in P. i^tand^^o.. 
The Operation for the Angle CBD. Feet^ 

fBC - - lodThe half Sum - - 120 cp. or. 9.^20819 
Side \ BD - - 85 The firft Xemaiader 70 co^ mr» 0*1^4902 

tCD -JL^TheotheraiJ^^^. \ SSLogar. 1.544068 

( *5 Logjar^ 1^176091 

Sum 1^.795880 

T^iAgent : i4d. oim. »^t Sam 9.3^7940 
DouSle I4d. cam. 



Sum of Sides - 9^40 
J their Sum » 120 
Ittoitx 7 Sum ] 70 



Sub. each fide ^35 -..i-.__ 

thjere remains > ijlProducctli 2«d, 04m. the -Angle CBD. 

This 
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This A torn finds an Angle at one Opemion, yet not being 
applicable to the inftrumentaJ way of working Proponions, you 
have this fourth Jxiom in other Terms i whicn finds an Angle it 
two Proportions, and may be wrought both Inftrumentally and 
Logarithmically. 

Jxiem 4. Ufeful when three Sides of a Tl^angle are given ^ 
to find an Angle. 

^s the longeil Side^ is to the Sum of the two fhdrteft; fo is the 
Difference of the two (horteft, to the Diilbrence of the Segments 
of the Bafe or longeft Side 

• Noti'y Let fall ^ Perpendicular (from the jfngli oppoftte) to 
die Unge^ Side^ which divideth it into two Segments ^ and the 
ObSqui Triangle into two Right- AngUd-triangles. 

As in the aforefaid Triangle BCD. Plate 2. Fig. 8. 

Let fall the PerpendicuiaruAj which n^akes the Segments of the 
Bafe to be B A and AC, and the two Right-Ar^ied-Triangles BAD 
tod CAD, and the Difference of the Segments B£. 

1, To find BE the Difference of the Segments of the Bafe« 

Shorteft Sides {cD ". 1 -" 5I fS 

Added, is the Sum of the two ihorteil Sides -> - ^ 135 feet 
Subtracted, is their Difference »..-.-- - 35 feet 

Then, as the Side BC, is to the Sum of BD and CD ; fo is 
the Difference of BD and CD, to BE the DifFerence of theSeg* 
ments BA and AC. Or thus. 

£/i^BC •• 5«iiiBD&CD : : Di/.BD&CD •• BE t\itDiff.oiSig. 
lOsFt. •• 13s Feet:: 35 Feet ..45 Feet. 

The Side BC 105 Feet. 
Diff.&ywii/i BE4^ Feet ' 

Added, is . .^250 7 thchalf is \ 75 ?A the grater 7 Seg. 
Subtraaed is - 60 $ l 30 AC the lefTer J ment. 

2. The Angles BCD or CBD, may be f6und by the 4th Cuji 
rf Rigbt'Angled'Triangles^ in Page 38. Thus. 

'Hjp^t.BD'Radiusi.LegtiB.^S.Mih. 
%$Feet -S-god. : : 75 Feet ••S. 6id. s6m. 
Which fubtra£ted from - - - 9od. oom. 

Remainder 'is the Angle CBD - 28d. 04m. as before. 

Thus much for Plmu Triangles \ and to compleat Trtgaiea^ 
mitrvj Sfberic (hould be next. But I think the Application 
of mis Dcfore the D^rine of Spheric, moil conducible to the 

ZedrM^s 
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Leamer^s Advantage : Therefore will defcend to the neceflary 
Ufe9 of. JPlane Trigonometry in Plane and Mercatbr's Sailingy 
which Will make.way for Spheric Trigonometry. 



CHAP. III. Plane TCrigonometry applied m Problems 
of Sailing by the Plane Sea-Chart» commonly called Plane- 
^ Sailing. 

AN D that, nothing may be wanung for the Accomplilhment 
of Navigation, we will begin now with die Gregorian CaleH" 
dar^ and then the ufe of the Plane Chart^ before we apply Plane 
Trigonometry to Plane-Sailing. 

SiSfion I. The common Notes of the Grtgortan Calendar, or 
New-Stile^ to find the Prime, £pa£l. Dominical Letter, Eafter 
Day^ the Moon's Age, Southing, and Time of High-water. 

Problem I. To find the Golden Number, Cycle of the Sun, end 

Roman IttdiSlion. 

Definition i^ 'T^ H £ Golden Number or Prime, is a Cycle or 

^ Revolution of 19 Years;, in which Space of 
Time (it h^ been fuppofed) the Sun and Moon fintfh all their 
Variety of Afpeds^ by this we find the £pa<^ and confequexitly 
whatever thereon deipends.. 

a. The Cycle of the Sun, maketh its Revolution in 28 Years; 
in which Time all the Variety of Dominical Letters, and Leap« 
Years expire, and the aoth Year this Cycle begins again; which 
Number afSfls in findmg the Dominical Letter for any Year, 
pafl, prefene, or to come. 

3, Roman Indi£tion confifleth of 15 Years;' for once in 15 
Years the fubdu'd Natjlons were to pay Tribute to the Remans ; 
a Thing now out of Ufe with us; 

The Rale out of Mr. Street's Memorial Verfes on the EcdifiaJHc 

and Civil.Catendar. 

When I, 9, 3, to the Year hath added been 5 
Divide by 19, 28, 15. 

Example. I would know the Golden Number, Cydc of ^ 
Sun, and Roman Indidtion for the Year 1772* ' 

• iThe 
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Tin OpiratUn. 

•The Ydr 177a ... - 1772 - - - - 1771 
Add ---I-----. 9----- 3 

WBWBHI^BiHB aiHBBaMBHBa^ a^ii^MHBBHMa* 

Sum is 1773 - - - - 1781 - - - - 1775 

19) (93 a8) - - (63 »5) r (xi8 

57 84 125 

4*9)- ('7) (S) 

C^) f Golden Number l C 6 . 

For the Year 177* < Cycle of the Sun > is < 17 

C Roman Indrdtion 3 ^ ^S 

Problem II. To find the Epa& until the Tear 17^9 inclujhe, 

Defimtien^ The £pa& is 1 1 Days the Year of tt^e Moon lack-* 
etb of the Sun's Year : the Lunar being 354 Days, ahd the Solar 
Year, 3^5 Days. 

Note I. The Epad never exceedeth 29, alters every Year u, 
and is ufed to find the Moon's Age, and Mafter-Day. 

Note 2. When the Golden Number is i, the Epa&is c, con- 
ftantly } when 2, then ii, (ffc. 

The RULE is, 

1 . Find the Golden Number, by Prob. i. 

2. Subtra£t i from the Golden Number, what refts multipljr 
by 1 1 ; reject thirties, the Remainder is the £pa<5l. 

Exmf^U. For the Year 1772, I demand the EpaA ? 

To the Year 1772 add i^ and the Sum is 1773 ; which divide 

.by 19, the Quotient is 93, and the Remainder is 6 ; fo that the 

Golden Number is 6 ; fubtra^ i, there refts 5, which miiltiplj 

by II, gives $5 ; from this Product fubtraiS: 30, the Remainder 

25 ifi the £pa^* - 

Problem III. fo find the BlJixtiUsj or tee^ Years, 

The Old or Julian Leap-Years^ is every fourth Year, aadjfo 
called from its leaping a Day more that Year, than in the com- 
mon Year , for in the common Year any fixed Day of the Month 
changetb fucceffively the Day of the Week, hue in the Lei^ 
Year, it leaps over one Day. Thefe Leap- Years, (mthe New- 
Stile) are continued exa&ly in the fame Order and S'ucceffion «s 
. heretofore ; the Centuries in the next Paragraph taken Notice 
of, only excepted. 

Bcfides 
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Befides \vhicfi, there is another kind of Liap-Vear fo be ob- 
Tved in the Grfgtrian hccaaaXf vix. The Year 20O0, 2400* 
Soo, and everv Fourth Hundredth Ycat \tt this Succeflion arc' 
> be cl^emed Leap-Ycartj and all other even Humfreds, which 
y Old Style arc accounted Leap-Years, ate in the prtfCnt not ttf 
e accounted for Leap-Years. 

Nstf. The common Yctr fnth 365 Ipavs ih it, fitft Leap-a 
^ear of both Kindt ■^bf and then FtbrtiBrj hath 29 0*y»,whic)t 
li common Ycara hath but aB Days. 

Jiuie 1. For the ysitfii common Leisip-Ycarsi 

Divide the Year by 4, what's left {hdl tiey 
For Leap- Year o,- for paft, i^ 2, or 3, 

EiianijJt 1. The Year 1772} is it a Common Vcar^ of LcH^- 
'car? 

4 ) 1772(0 =^ the Rethaiflder j «■ it i» teSp-'Vesr.' 

ExatHpU i. TbeYe«i779,' i»it aComffiosYcitf^orLeai** 
if car ? 
4).'779C3=« Remainder ; is tkeriefore the jd aA«r Le9$.>y«if/ 
444 

RuU 2. for tde Ori^9r,il» Lflap-Yeafj.' 
As every Fcur^ Hcndiedth Year (beginning frotfi tfR Veaf 
(000) is Leap- Year, and all the ether even Hundreds, Common 
Shears -, cut ofF two Cyphei's towards the Right-hartd, and dividrf 
the other Figures by ^ the Re^^indftr, if Oy points oirt Leap-f 
Vear ; liut if r, 2, or 3, figni&es it to be a common"^ car^ ani 
fbe ift, 2d, or 3d Year after the Centcnni^ Leap-Year. 

B*ampU ifl. The Yaar iSoo, is j» » common Yeary m'L&P' 
Year? 

4)iK|oo[25=R,e(ha?n^; ijtBferefOrtf a cbftirtloiiVeif, im 
4 . ,2d Year after Centennial Lcap-Year. 

Exemptt^j The YAf 2000, if it aLcap-Yoar,*r a^CwniftOtf 
Yearf. 

4)20[qP[ O^R emaindar ; is tbet'efbreCenMtiMal LAff-Y6af/ 
$ 
rrobtem IV. Tp find tit tiawlnkai titUr tmftl tht Ytar (7^ 
, • intlufivtj 

Dtfinltiotl I .■ The Weet Day* frt Caleni^S,- tif Aiitiifi'icitfl/ 
ire exprefled by the firftfcveji Letters of ths AIjAabet ; the Let- ■ 
■tcr AfCOBftaBtly anfweriBg to- the firft I>ajr i ft the Year-, flvaC 
L'etKr then that ftands againfl the firit Sund'ay in the Year w 
taUcd the I>9s»i»ieal Lctici, 

fiy 
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thi Rule. Divide the Year, and 4th thereof by 7 ; 

What's left, fubtraS from 7, the Letter's given. 

N9U X . When it's Leap- Year, there are two Dominical Let^ 
ters, one ferves to the Clofe of Fibruary^ the other from thence to 
the Year's End ; 'tis the latter that this Rule finds. 

2. The Dominical Letter goeth backward in a Common Year 
one Letter, but m Leap- Year two Letters. 

J. Asfaid before, the Years 1800, 1900, 2100, &^. are Leap- 
Years according to the Julian^ but common Years according to 
the Gregorian Calendar, therefore will have but one Lcstter in- 
ftead of two, and confeauentlj the Order of the Dominical Let- 
ters will then be changed. 

Examp. For the Year 1 77a, I demand the Dominkal Letttr f 

Thi Optratim. 

The given Year is (byPrc*. 3.) Leap- Year - - - 177^ 
It's fourth Part is - -- .--•---- ^j 

The Sum is------------* 2ai$ 

7)2215(315 Quotient, and Remainder is 3; whfck 

(3 fubtraA from 7, reft- 4 for the Dominical 

Lettef ; that is^ D, But being Leap- Year, 

E is the other Dominical Letter, and ferves from the begia- 

ning thereof to the clofe of February, 

Problem V. By the 19 Epa^s^ U find Eafler Limh /r§m ib§ 

beginning if March, inclufive. 

Definiticn$. i. Eafter-Limit is the 1.4th Day of the Pafchal 
New-Moon (or the New-Moon neareft the Vernal Equinox) < 
after the firft of March. 

2. The Vernal Equinox, by the Gregorian Calendar, is fixed 
on the 2ift of March. 

The RULE. ' ; 

Find the Epaft by Problem 2. 

If that be lefs than 24, fubtra£l it from 44 ; but if more tban 
24, fubtra£l it from 74, the Remainder will be Eafter-Limit, or 
the Day of the Pafchal Full-Moon, from the firft of March' inN^« 
clufive. If the Epa<£t be juft 24, the Limit is 49 ; but if the EJ 
paAbe25, and the Golden Number greater than 11, the Limit' 
is 48. 

Example. I demand Eafter-Limit, for the Year 1772. 

Tki 
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The Operation. 
The Epa^ for the Year 1772 (by Problem 2.) is - 25 
Which fubtra£led from - -- -----74 

Remainder is Eader-Limit, from the ift of March 49 Days, 
oif the 18th Dsly of Aprils for the Year 1772. 

Pi};?blem VI • To find Eaftcr-Day for any Year. 

Definition. Eafter^Dav is next Sunday after Eafter-^Limit, or 
Dav of the Pafchal Full Mt>on, and is never before the 22dDay 
of marcb^ nor after the 25th Day of April. 

The RULE. 

1. Find the Dominical Letter by Problem 4* 

2. And ^ij/'^r £/w// by the laft Problem. 

3. The Letter more by 4, from Limit take: 
What's left from neareft Sevens (hall Edfier nlake. 

Example. For the Year 1772, I demand Eafler-^Day. 

The Operation.. 
Dominical l»etter (by Prob. 4.) is D, or ----- 4 
To it add --------^---« - ^ 

The Sum is - - - '- - - - 8 

Which fubtradl from Eafter Limit (found by Prob. 5*) 49 

Remainder is - ------------41 

Which fubtradl from the neareft Sevens - - - - - 42 

Remainder is - - - ----------i 

Which added to Eafter Limit 49, Sum is 50, from which fub- 
trafSt March 21 Days, remains 19^ fo that EqfterDayiutht 19th 
Day of April for tne Ye^r 1772. 

Problem VIL To find the Mootts Age. 

Definition. The Moon's Age is, how manyDavs arc psiftfince 
the Day of her Change, which Age never exceeds 30 Days. 

The RULE. 
I. Find the Epaft by Problem the ad, 
3. To the £pa£l add the Day of the Month, aiid the Kum- 
ber of the Month ; the Sum, if it exceed not 30, is her Age, but 
if it doth, fubtradt 30 as oft as you can, and the Remainder is 
her Age. Note^ The Numbers of the Months are thefe, 
January^ February^ Marchy Aprils May^ Jkney 
o, 2, I, 2, 3, 4, 

Jufy, Augufty September y October ^ November^ December. 
5, 0) 8, 8, 10, 10. 

Example. The 21ft of May 1772, 1 demand the Moon's Age ? 

D 2 tt 
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The Operation. 

The E{)aa (by Pro!). 2.) for the Yeanr 1772, is - 2$ 

To it add the Day of the Month - - - - - 21 

And the Month Ma/s Number ----- 3 

The Sum is • -^ • - - - 49 Days^ 

Which being more than 30 by ----- 19 Days, 
»s the Moon*s Age required. 

Problem VIIL To Jini iht Moon*$ Southing. 

Definition. The MoonU Southings is the Time of her cominj;; 
<o, or upon the Meridian ; which, from the New Moon toh cr 
Full, is after Noon j but from the Full to the Change is before 
Noon. 

The Rule. I. Find the Moon's Age by the latf Problem. 

2. Multiply her Age ty 4, and divide the Produft by 5 ; the 
Quotient is Hours, and the Remainder is fo many times 1 2 Mi- 
nutes of an Hour, and both together is her Southing. 

Exemple, The 21ft oi Mehf^ 1772^ I demand the Moon's 
Southing ? 

The Operation. 

The Moon's Age (by.Prc^. 7.) is - - - - 19 Days 

Multiply by ----------4 

The Produdl is----.---u 76 
That divided by 5, the Quotient is fifteen Hoifrs^ and the Re* 
maindcr is i, which makes 12 Minutes ; fo thac the Moon's 
Southing is 3 Hours 12 Minutes in the Morning, on the aad" 
of May. 

Ndte, When the Moon's Age exceeds 15 Days, ufe the Day 
preceding the given one, and the Southing will then fall upon : 
the Day required. In the above Example, the Southing will be - 
Jiday 21, at 24min. pad: 2 in the Morning. 

Problem IX To find the Time of Full Sea^ or Hrgh TVaOr^ 4r 

any Piacc. 

Tlje Ruk. r. Find the Moon's Southing by the laft^r^lfaw. 

2. To the Southing, add the Point of the Compafs making 
Full Sea, (on theFulland Change Day) for the Place propofedj- 
that Sum is the Time of Full Sea, or HiVh Water. 

Note. The Point of the Compafs making Full Sea on.the Full 
and Chnnjre Days^ may be found (in the litk-Tahle) in the A£f^ ' 
fi::er^s CalcTular. 

Exatr.ph, The 21ft of May, 1772, I demand the Time of 
Hi j^h W atet at London. 



Seft. II. TbeUfe of the Plane Chart. SZ. 

The Operation, The Moon's Southing {hy Ptob. 8.) for the 
jfciftofA%, 1772, IS - - - - 2h. : 24m. before Noon^ 
To it add London SW. and NE. - 3h. : 00m. 

jSuni is the time of High Water Afoy 21, 5h. : 24m. that is, 24m. 
paft 5 in the Mornings 

Sea. IL • The Vfe of the Plane Chart, or Plot. 

1 T is rcquifitc to uiiderftand the Plane-Chart before the Cafes of 
-* Plane-Sailing ; for it conduces niuch to the Knowledge there- 
of; and for the better underftanding of it, mind the following 

Definitlom. ' i. The Plane Chart fuppofeth the Earth and Sea 
to make one flat Superficies, or Long-fquarc ; in which the Mc-.. 
ridians arc parallel, and the Degrees of Latitude and Longitude 
equal in all Places \ which is only true in the Equator. 

2. The Equator is a Line drawn E^tt and Weft, and is 90 
Degrees diftant from each Pole ; From it Latitude beginneth, 
^d on it Longitude is counted. 

2. The Poles are two oppofite Paints; one called the North 
pole, the other the South Pole ; and lie North and South froii^ 
each other \ at them is the greateft Latitude 90 Degrees, 

4. The Meridians are Lines (in this Chart) parallel toeach 
lOther, and perpendicular to the Equator, and lie North andSouth^ 
on which are counted the Pegrees of Latitude, 

5. Parallels of Latitude, are Lines parallel to the Equator, an4 
lie Eaft and Weft. 

6. Latitude is the Breadth, or Diftance of any Parallel oY La« 
titude from the Equator ; from whence 'tis counted both '^Mtsj^ to 
^ach P^ole, ending in 90 Degrees, the greateft Latitude. 

7. North Latitude, is on that Side of the Equator towardf 
^e North Pole, and South Latitude towards the South Pole. 

8. DiiFerence of Latitude is the Breadth, or ncareft Diftance of 
suiy two Parallels of Latitude \ and fheweth bow far one Pkc9 
lies to the Northward or Southward of the other \ it never ex« 
ceedeth j 80 Degrees^ 

9* Longitude (in the Plane Chitrt) \% reckon^ on anv Parallel 
of Latitude, and increafeth to the Eaftwafd, till it enos in 360 
Pegrees, the greateft Longitude. 

ko. Difference of Longitude, Meridiain Diftance, and De<9 
parturefrom the Meridian, Itgnify (in the Plane Chart) oneaiid 
the fame thing, and is the neareft Diftance of any two Meridt^ 
ans ; kib^fi^th how far on^ Pla<^ is cpihe Eaftward^'PT VtTqfl:* 
\i^x\ pf lifipthcf, 

. P 3 t 
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TbiUficf the Plant Chart. 

» 

Prob. I* To finitht LatstuJi of any Place in the Chart. 

Rule I. Take the neareft Diftance of the Place to any Parallel 
or Eaft and Weft Line. 

2. Lay that Diftance on the graduated Meridian, fttttng one 
Fopt of the CompaiTes in the faid Parallel, and turning the och^ 
JT'oot the f^me Way, the propofed Place lieth from it ; the laft 
f^oot fliewcth the Latitude required. 

Examp. What Latitude doth the Lizard in England lie in t 

1. Take the neareft Diftance from the Lizard to any Parallel, 
qr Eaft and Weft Line. 

2. Lay that Diftance (on the graduated Meridian) from 'the 
faid Parallel, and the moveable Foot {heweth 49d. 57m. the La- 
titude of the Lmutt^; and it is North Latitude, becaufe Nojtl|* 
ward of the Equator ; do fo for any other Place. 

Prob. 2. To find the Coyrfgy or Bearing of one flfuefrofn anatber^ 

The R U L E is, 

1. Lay a Ruler on the two Places given, and take' the neareft 
Diftance from the Center of any Cqmpafs to the Itulor^a 
Edge. 

2. Slide the CompaiTes, (being at that Diftance) with on^ 
Foot clofe to the Ruler, and the other Foot perpendicular to it ; 
in fo dqing, the perpendicular Foot points (among the Rumbv 
lines) the Courfe, or Bearing of the propofed Places, from one 
another. 

Example. I demand the Courfe from the Lizard in Engkmdy tm 
the Ifland Barbadoes. 

1. Laying a Ruler's Edge on the Lizard and B^rhadoesj take 
the neareft Diftance from the Center of a Compais to the Edge 
of the Ruler. 

2. Slide the CompafTes along by the Ruler, keeping one Foot 
perpendicular to it, and it fheweth (among the Rumbs) the 
Courfe to be SW. half W. neareft from the Lizard to the Ifland 
Barbadoes ; the oppofi^ Point (viz.) NE. half £• is the Courfe 
from^the Ifland Barbadoes to the Lizard. 

Problem III. To fnd the Difiance of ont Place from wioiher^ 

The Rule, Y,%^^ui the CompaiTes froiji one Place to another, 

Meafure' 
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Meafure that Diftance on a Scale of Leagues, or on the gra- . 
duated Meridian; the firft fheweth the Diftance in Leagues ; 
*tke latter in Degrees. This is fo eafy, that it needs no Ex*- 
am^Ie. 

» 

Problem IV. To find the Dfparturiy $r Meridional Diftanci ie» 

tween any two Placa in the Chart. 

Thi Rule, t . Take the neareft Diftanc^ from one of the given 
Places, to any Meridian. 

2. The CompafTes bein^ kept at that Diftance, more them 
perpendicular along that Meridiaa, till you bring both Feet of 
the CompafTes into the Parallel of the other Place ; there ftay 
the Compalles. 

3. The Diftance from the perpendicular Foot, to the other 
propofed Place, being meafured on the graduated Meridian, or on 
the Scale of Leagues^ giveth the Meridional Dijiance required. 

Example. I demand the Meridional Diftance between the Li- 
zard and Cape Fini/ierre. 

1. Take the neareft Diftance from the Lizard to a Meridiany 
and Aide the Compafles with one Foot on it, and the other per- 
pendicular, till both Fe^t come to the Parallel of Cape Fini» 

JUrre. 

2. Then the Diftance from the perpendicular Foot, to Cape 
Finijlerre^ being meafured on the Meridian, is three Degrees i8 
Minutes, or 66 Leagues, which is the Meridional Diftance, and 
fheweth Cape Finifterre is 66 Leagues to the Weftward of the 
Meridian of the Lizard, and confequently the JLis^r^ lies . 66 • 
Leagues to the Eaftward of the Meridian ot Cape Finijierre^ 

Problem V. The Latitfide a Ship is in, and her Meridional Diftancf 
given, to find in the Chart where the Ship is. 

The Rule. X. Lay ofF the Meridional Diftance (according tb 
Its flature, whether to the Eaftward or Weftward ) from the Place 
it's counted from ; and then the neareft Diftance from that, to 
any Meridian, piuft be kept in one Pair of Compafles. 

2. With another Pair of CompafTes, take the liearefl* Diftance 
of the Latitude, from any Parallel, or Eaft and Weft Line. 

3. Then move both Pair of Compafles perpendicular, one on 
the Meridian, the other on the Parallel, till both Perpendicular 
Feet meet, and there is the Point in the Ctart reprefenting the 
Slace the Ship is in* 

D 4 Sea, 
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StSt. lit, fUmi Trigmmitry applied in PlaAc Saijing, * 

Defini' 'hTAvigatHfi is the guiding- or dircftins a (hip (through 
tion 1,-^^ the Ocean) from one Place to another j it is divided 
i;ito twp Generals, Domeftic and Remote. 

2. Domeftics or Home Navigation, is coafting, or failing along 
Shore, in which the filarifur^s Compafs^ and Leady arc the chic? 
fnftrumenfa. 

3. R m9tiy (which more properfy bears the Name of Naviga-. 
tion) is the conducing a Ship to any Port, and the finding what 
Latitude and longitude ihe is in, at any Time ; ii> the PradicQ 
6f which, the Majrincrs have thefe Helps, the Comp^fs, the Log, 

«a|id the Latitude. 

4. The Compaip, is a Circle divided into four Quadrants, 
Quarters, pr principal Points ; Eaft^.Wcft, North, and South j 
each Quarter into eight equal Parts, being in all 32 Rumbs, or 
Points, as in Fig. 16. of Plate 2. So that ftccring by the Com- 
pafs /well made and duly redified) is known how, or >Yhich way 
the Snip fails, to a fmall matter, 

5. The L(J;T-line, (truly marked, or fome other good Way) 15 
the Inftrument whereby the Marinprs meafure the Ship's Diftance 
failed, in Miputes, Miles, or Leagues, eye^y Hour, Watch, or 
Day. 

Note^ Each Knot in the Log-line ou^jht to be 50 Feet froni . 
each other, and not 42 Feet, or 7 Fathom ; an Lrror too fl*- 
qent among the Englijh Navigators, and long fince refuted by 
Mr. NorwoQd in his Seaman^ s Pracliffy and feveral others finc^ 
that Time. 

Alfo the Half-minute Glafs, ijfed with the Log-line, oi^ght to 
be truly 30 Seconds of Time, and not 25 or 26 Secon46,'as chiefly^ 
m^e now, which are fo called. 

6. The third Help is, the Knowledge of the Latitude FraQ|' 
whence he fails, to which he is bound, and where the Ship k at 
^ny Time ; this is attained by Cgeleftial Obfcrvation (at Son^ ' 
with ^ Quadrant or ForeftafF) taking the Sun or Starts MeridiuK V 
Altitude. ' ♦ V-. • 

f\Qw, any two of thefe three Things exaflly known, tihe N^^ ' 
vi gator ccmes to know at any Time, wheve he is, how far hc^ 
hath run, and how far he hath yet to run, which way, orujxxii. 
what Point cf the Compafs he is to ftecr ; and all this by Trjgb- ' 
pometry, in three Kinds, vix, 

JP/an^'Sauiffg, If^ngJjt's'Saiitng^ and Great Cifck'SaiUng^ a% 
(hall be fhcwcd in Older: And firft of Plan^-Sailing^ in whicd]^ / 
fake thefe five General Rules following. 

«» fif". ■ 
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-Rult 7. That 20 Leagues being equal to 60 Miles, or Mi^ 
nutes, is alfo ecjual to one Degree of Latitude. 

But mtfy One of thefe Miles or Minutes containeth 6000 Feet^ 
;ind is greater than a (latute or common Mile^ which is but 5000 
Feet ; of Which about 69 i Miles make a Degree ; whereas in the 
PraSice of Navigation, 60 are cownted to ?. Pegree on the Me- 
ridian, or any great Circle. 

' 2. Gentral Rule. To find the Difference of Latiti^e, when the 
Latitudes of two Places are giten. 

T15£1^H ''•'*{ .j:J3>» }s»"* {'■^\'^ 

• fhe Difference of Latitude. 

3. Qettiral ^ufi. To find the Latitude the Ship is in> when the 
Latitude failed from, and the DifFjpnence of Latitude is giyeii^ for 
^is Afe ^e two following Cafes. * 

C A S E h 

^^ \ Wh } Latitude failing to the J ^^^^l \ ward, the Lati, 
Mijdc increafeth, add. 

C A S E II. 

' ^ [ S f Latitude faUing to the { ^^^^^ } ward, the Lati- 

^de 4ecreafeth, fubtrad. 

And here jV(7/^, When the Latitude decreafeth, and AcDiffcr- 
|tncc of Latitude is greater than the Latitude failed from, the Ship 
hath crofled the Equator, and changed her Latitude, either kota 
North into South, orSouth into North. 

4. Gemral R^le. The 'Sum of the three Angles'of every Piano 
Triangle is equal to 16 Poinu of the Compafs : For, 

1 Point 1 r iid. 15m. 

,6lPoints r"^ Compafsis equal toJ g^p^g^^ 

5. GiMT^dRuli, If a Ship fails Eaftor Weft, (he keeps in tbtt 
fame Latitude ; and if ai Ship fails North or South, ihe keeps' ia 
the f;to€ Longitude. 

iJote^ Plane'Sailing is divided into three Parts, viz. 
f . In a Right Angle-Triangle, relating to a fingleCourfe, in 
if^hi<;h are fix C^fes. 

2. la 
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i 

%. In a Higbt-Anglc-Trianglc, relating to feveral Courfes, 
called a Traverfe. 

"* 3* In m Oblique Triangle, in which are but four Cafes, tho' 
a Multitude of various Queftions. 

The firft Part of Plane-Sailing is contained in the Six Pro- 
blems, or Cafes following. 

Prob. 9r Cafe i. Courfi and Di fiance faiUd given \ to find the 
Difference of Latitude^ and the Departure from tbe Meridian* 

Example. Admit a Ship runs 496 Minutes S W. by W. frpm 
the Uzard in 49d. 57m. North Latitude ; I demand the Latitude 
ibe is in, and how far (he is departed from the Meridian ? 

Ohferve^ That in all Problems of Navigation, make the upper 
End of the Book or Slate, to be the North ; then the Right- 
hand is the Eaft, the Left-hand the Weft, and the lower End 
is the South. Then, 

To delineate this Problem iy the Plane- Scale. 

!• Draw the Meridian AB (Plate 2. Fig. 9. ) towards the 
Right-hand, when the Courfe is Wefterly ; but whei> Eafterly, 
towards the Left-hand ; and put A at the upper End when the 
Courfe is Southerly, but at the lower End when it's Northerly. 

2. Y^ith a Chord of 60 Degrees, and one Foot on A, defcribc 
an Arc ; on that Arc lay 5 Rumbs (becaufe SW. by W. is 5 
Points from the South) taken from the Scale of Rumbs, and by 
it draw the Line AC. 

3« From any Scale of equal Parts, take the Diftance run 496 
Minutes, and lay it from A to C ; dien A reprefents the Plac9 
lailed from, C tne Place the Ship is to come to. 

4. From C let fall the Perpendicular CB, to cut the Meridian 
in B, and it's done : then the Meafure of AB, and BC, on the 
fame Scale of equal Parts, that AC was taken from, will (hew 
how much the Difference of Latitude and Departure from the 
Meridian is, by the Plane Scale. 

Thefe Direaions, with the following Explanation, being well 
conlidered, will fhew how to delineate, and anfwer any of the ' 
Six Cafes of Plane-Sailing by the Plane-Scale ; therefore I omit 
the Delineations in the five following Cafes, having given fulfi- ' 
cient Diredions to make any Redangle-Plane Triangle in Pro*» 
blems JO, 11, 12, and 13 of Practical Geometry, and fuch are 
all the Cafes in this Part of Plane-Sailing. 

Thi$ ' 
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This Rtght-Angk-Triangle ABC, (Plate 7.. Fig. 9.) maybe 
made by ProB. 10, of Geometry ; in which Note, 

1. The Hypotenufe AC reprefeirts (the Point of the Gompafs 
the Ship hath fteered and) the Ship's Diftance run. 

2. The Leg AB, (the Meridian, tha^ is^ the North or South 
Dire£^ion of the Compafs) the Difference. of Latitude. 

3. The Leg BC, (the Eaft or Weft Dire£tion of the Compafe, 
and a Parallel of Latitude) the Departure from the Meridian. 

4. The Angle ACB, (the Angle ofjf the Ship's Cburfc. 

5. The Angle ACB, (the Angle of) the Complement of the 
Ships Courfe. 

Note^ The Ang}^ which the Point of the Compafs (ftecrcd by, 
or upon) maketh with the Meridian, or North, and South Point 
of the Compafs, is called the Angle of the Ship's Courfe, and the 
Angle it maketh with the Eaft or Weft Point, is the Complement 
of the Courfe. 

The Courfe, in this Example being SW, by W. is 5 Points 
from th€ South, or Merjdian, and makes 564* 15m. The Com- 
plement of the Courfe is 3 Points ; that is 33d. 45m. as may be 
feen in the Table, intitled, A Table of the Angles which every 
Rumb (or Point of the Qompafs) 'maketh with the Meridian, at 
the End of this Book. 

The Things thus explained, ..the Proportion (by Cbapter 2. 
Se£iion 2. Axiom I. and Cafe i. of Plane Right- Angles-Triangles 
in Pages 36 and 37.) is as follows. 

For tbi Difference of Latitude, theft three Proportions , viz. 

Radius 1 rS. c. Courfe 1 

Sec. Coyrfe > •• Diftance : : 3 Radius / •• DifiT. Lat. 
Sec. c. Courfe i ^ T. c. Courfe J 

All thefe three Proportions may be wrought by the Loga- 
rithms, but I only work the firft. 

By Gunter*/ Scale. 

Radius •• Diftance ; : S.c. Courfe ••Difference of Latitude, 
§. 8 Points v496Min. : : S. 3 Points -Min. 275.6 Tenths. 

Latitude failed from, is-- 49d. 57m. North 

The Diff. of Latitude, Min. 275.6 or - 04d, 36m. Southerly. 

^btrafl, giyeth Latitude the Ship is in, 45d. 21m. North. 

Per 
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Por tb§ Dipmiuri^ thife thre4 Propirtians^ y\z^ 

Radius 1 fS. Courfe 1 

Sec. Courfe 7 t'Diftance : : < T. Courfe f •• Departure* 

Sec.c.CourieJ I Radius J 

Thtfrfl pfihefe by GuntcrV Scale. 

Radius •^Diftance ; : S. Cotirfe •• Depart, from the Meridian* 
S. 8 Poinu •• 496 MLn. : : S. 5 Points • • Minutes 4 1 2.4 Tenths^ 

So that the Departure from the Meridian is Minutes 412.4 
T^tbs, which make3 64. $2n>. Meridian Diftauce Weft. 

Pioblem, or Cafe a. Coyrfe and D^ffinnci 9/ Latitude giveHy tofini 
the Dtflanci run^ and the P^artur^from the. Meridian. 

s 

Example, If a Ship ninneth SE, by £• from id. 45m. North 
latitude, and then, (oy Obfcrvation) is in %i, 50m. South Lati-r 
tude. What is her Diftance and Departure ? Plate 2. fig. lo. 

This Triangle ABC maybe mad^ by Prob. 12. of Geometry. 

In this Exampli^ having Latitude the Ship failed from, and 
Latitude flie is in by Ob&rvation, there are the Latitudes of two 
places given ; and by the fecond General Rule, ii> Page 58, the 
Difference of Latitude is found, asfolloweth: 

Latitude failed from --^ -r-rid. 45m, Nortl| 

Latitude by Obfervation, is — r - «- r <- 2d. foip* South 

The Difference of Latitude, is '<' * ^r -r -r - 4d. 35m, or i^^ 
Minutes, found by multiplying by 60, the Minutes in ^ Degr^ 

I ft. Tor the Dijlarm^ the Proportions may bf thi^ j 

S. c. Courfe •• DifF. Lat. : ; Radius •• Diftance. 

S. 3 Points •• ^^J^ Mrn. : : S. % Points .. 495 Minutes, 

ad. Fortbi Departure^ this ; 
S. c. Courfe •• Diff. Lat. : : S. Courfe •• Departure. 
S. 3Points--275 Min. : : S. 5. Points f4ii.6Minute8; Or6d, 
C2m. Eafting \ that is, the Shi|) is/o much'to the Eaitward of th« 
Meridian of the Place ihe failed from. 

■ 

Problem, or Cafe 3. Couffe and Departure from tie Meridian 
given 'j to find the Dipance and Difference of Latitudi. 

ExOmp. If a Ship fails NE. by E. from a Port in ^d. ism. SoutI| 
Latitude, until flic depart the firll Meridian 412 Min. I deman^ 
her Diftance, and what Latitude ftie is in ? Plate 2. Fig. 11. 
This Triangle jpfizy be made by Prob. 12. of Geometry. 
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tji^ For the Dtfiana^ tbi Pnpmrthn is this : 

S. Courfe •• Departure : : Radius •• Diftance, 
S.5Points«-4i2 Min. ^: S. 8 Points -Min. 495*5 Tenths, 

7.{iy For the Difftrtnct of Latitude^ this i 
S. Courfe '• Departure : : S. c. Courfe - DifF. Latitude^ 
S. 5 Points .. 412 Min. : : S. 3 Points •• 275 Minutes^ vrhicb 
being reduced, is 4 Degrees 35 Minutes •Nor&ing, by which 
£nd the Latitude the Ship is in, as hereunder. 

Latitude feiled from, is * • - • - 3d. 1501. Southr. 

Difference of Latitude, is 275.3 Min. or - 4d. 35m. North. 

SubtraS, ^vetb the Latitude the Ship i» ia id. torn, NorAk 
having crofs'd the Equator. . 

Problem, or Cafe 4, Dijiante andDiffjttfnce of Latitude ffveM^ 

to find the Courfi^ and Defarturo. 

Example. Suppofe a Ship fails 496 Min. between the South and 
the Weft, from a Port in 2d. 48m. South Latitude;' anddienby 
Obfervation is in yd. 23m, South Latitude: What Courfe hatk^ 
ihe fteered^ and what Departure hath ihe made i PUu a. i^. ft. 
This Triangle may be made by Prob. i u oiGenutry^ 

By the two Latitudes mentioned in this ExetmpU^ find the Dif^ 
ference of Latitude, as foUowtth, 

Latitude failed from, is * - *> - <« ad. 48fiw Soudu 

Latitude by Obfervation, ia - ^ ^ 7d« a|m. Soudu 

Subtract, gives the Diff. of Latitude 4!. 35ra. oriysM* 

i^. For ike Courfe^ the Proforttofs is, 
'Diilance -Kadiss : : Diff. Lat« : S. c. Courfe^ 
496 Min. •• S. 90d. ; : 275 Min. •• §. ^jd, 40m. 
Which fubtra<^ from 9od. the Remauider 56d. 2Cat is Ae 
Courfe, which makes 5 Points aeareft ^ SW. by W, is then tbe 
Ship's Courfe. 

2^. The Proportion Jir the Departstn is^ 
Radius •• Diilance : : S. Courfe ••Departure. 
S. 9od. •« 496 Min. : : S. 56d. 20m.- 41 2 Mimi^a, 

Problem, 9r Cafe 5. Dijlame and Dipartsan ftvini itffiidAi 

Courfe and Differtnce of Latituii. 

Exemp. - Adrhit a Ship fails 496 Minutes between the North 
and the Weft, from the Ifland Bermudas y in Latitude 32d. 25m. 
Korth, until her Departure is 4x1 Minutes ; virbat Courfe 

hatb 
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hath flie fteered ? And what Latitude is (he in ? Plate 2. Fig. 1 3« 
This Triangle may be made by Prob. 1 1, of Geometiy. 

ijfj For the Courfe^ take this Preporthn. 

Diftance •• Radius : : Departure -S. Courfe. 

496 min. •• S. 9cxl. : : 412 min. •• S. s6d. 10m. N. Wefterly. 

That is, 5 Points, which makes the Courfe to be N. W. by W«. 

2^, For the Difference of Latitudi* 
Radius •• Diftance :: S.c. CouETe**J)ifference of Latitude. 
S..9od. ••496 min. : : S. 33d. 50m. •• 276.1 min. or 4d. 3601. 

d. m. 
Latitude failed from - - - - - - 30 : 25 North. 

Difference of Latitude 276 Minutes, or - 4 ^ 36 Northerly. 

Latitude the Ship is in ------ 37 : 01 North. 

Problem, or Cafe 6. Difference of Latitude and Departure given i 

to find the Courfe^ and Dijiance. 

Examp* If a Ship') Southing be 275 Minutes, and her Sailing 
412 Minutes, What is her Courfe and Diftance ? Platez^ Fig. 14. 
This Triangle may be made by Prob. 13. of Geometry. 

jfif For the Courfe^ take this Proportion. 

Diff*. Lat. •• Departure : : Radius •• T. Coiirfc. 

275 Min. ••412 Min; : : T. 45d. •• T. 56d. 17m. South* 
Eafterly, or 5 Points, which makes the Courfe to be S£. by. £• 
neareft. 

2^, For the Dijiance^ this Proportion. 

S. Courfe •• Departure : : Radiufs •• Diftance. 

S. 56d. 17m. •• 412 Min. :-: S. 90d. •• 495.3 Min. 

The fix preceding Problems are the common Cafes of Plane- 
Sailing; which the Learner ought to be v/ell acquainted with | 
and for that End I here add fix more- for Practice, whofe An- 
fwers may be found by the foregoing Rules. 

Queftion i. J Ship in 2d. lom. South Latitude^ fails N. IjrE^ 
89 leagues : What Latitude is /he in ; and what is her Departom f 

Anfwer. Latitude 2d. 12m. North, and Departure Leiguet 17 
and 36 Parts of a Hundred. 

Queilion 2. A Ship fails SSW. from a Port in 4id. 3oau 2f§nb 
Latitude ; and then by Obfervation^ the faid Ship ts in TJbA. 571IU 
Norih Latitude : 1 demand the Diftance run, and Departure f 

Anfiver. Diftance run 9S Leagues 5 Tenths, Deptrtuic 
Leagues 37.7 Tenths. 

, (^eftion 3. A Ship fails SSW. half W.from 2d. 30m. Saoitb 

^ Latitude^ ' 
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' Latitude^ until the Departure be 59 Leagues: I demand ber 
Run, and the Latitude Jbe is inf 

Anf. Diftance Run 12^.2 Leagues, Latitude 8d. oim. Soudi. 

Qucft, 4. If a Ship Jailed 360m. South Weftward, from 2 id. 
^gm/ South Latitude, until (by Obfervation)' fie be in 2^d» 49in« 
South Latitude : What is her Courje and Departure f 

Anfw. Courfe is SW. by W. half W. and Departure from the 
Meridian is 317.3 Minutes. 

Queftion 5. Suppoje a Ship faileth 354 min. North Eaftward^ 
from 2d. 9m. . Souto Latitude, until her Departure be 150 min* 
fVhat is her Courfe and Latitude fie is in? 

Anfw. Courfe is NN£. ^, quarter Eaft neareft, and Latitude 
the Ship is in, is 3d. I2m. North. 

Queft. 6. Sailing between the North and the Wefiyfrom a Port in 

id. 59m. South Latitude, and then arriving at another Port in 4d. 

8m. North Latitude, which is 209m. to the Wefiward of the firji 

Port: I demand the Courfe, and Diftance from the firJi Port to the 

fecond, 

4nfw. Courfe is NNW. half W. and Diftance of the Parts is 
422.3 min. or 140.7 Leagues. 

So much for the firft Part of Plane Sailing, Traverfe is next in 
order, 

Se6l. IV. Plane-Sailing, the fecond Part ; fiewing how torefihea 
Tpoverje, or bring feveral Courfes into one. 

HAVING loarn'd thofc neceffarjr Problems concerning a An- 
gle Courfe, the next in order i$ a Compound Courje, com- 
monly called a Traverfe -, in order to the right Unddrftanding 
whereof, obferve the following Definitions. 

1 . A Traverfe, is when a Ship (meeting with a contrary Wind) 
faileth on feveral Courfes in 24 riours, 

2. To refolve a Traverfe, is to reduce or bring feveral Courfes 
into one ; the Courfes are known by the Compafs, and the 
Diftance by the Log, which in common Voyages is heav'd once 
in two Hours, but in Ships of War, or to xhtMafi'-IndieSj every 
Ifour. 

3. The Log, Is a Piece of Wood about feven Inches long, m 
Form like a i lounder, with the Head cut off, and fo finftencdtdia 
fmall Chard (or Line called the Log-line) at one £iid» ivi^^ 
much Lead at the other, that when it is put into t^e Sv^f 
fwim upright, or endwife. 

4. The Log-line, is divided into equal Spces, r 
by fomething taftened to it, atever^ 50 FeetDi^ui 
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Now Ae Ldg'litti being wound on a Reel^ and the Log put intor 
the Sea; if the Z^-/f;i/ be veered out fo fail as the bhip (ails, 
then look how many Knots are veered out in ha^f a Minute's 
Time ; and fo many Miles or Minutes doth the Ship run in 
one Hour. 

5. One of fliefe MHes ctontaiAs 6000 Feety and is greater than^ 
a Statute or common Mile, that being but 5000 Feet ; of which 
itbout 69I (on the Meridian, or any great Circle) make a De- 
gree ; but in the Prafiice of Navigation, 60 Miles or Minute? 
ire counted for a Degree* therefore I calj them Minutes. 

^6. In the Sturagi^ or«fome convenient Place of the Ship 
kangeth a Tabk called the Log-Board, divided into 5 Columns \ 
ivherein arc written the Hours of the Day, Courfesjleend, Knots ^ 
&c. veered out ; and laftly the Windi v as in the Table fol^ 
lowing. 
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-f ..... 

NoUy The Column for Courfes is made fdmetimes jufl* before 
the Column for the Winds j and then the three narrow Gblumn5^ 
ftand together. 

7. The Day begins and ends at Noon; that isj from Noon td 
Noon is the Length of the Day. - 

8. Every D^y at Noon the Log-board ought to be copied into 
a Log-Book' ruled like the Log-board : Then muft be caft up 
how much the Ship hath failed on each Courfe. 

' g. If the Ship fails by a Wind, it's ufual td allow one Point 
for Leeward Way ; fo that when the Ship is clofe hauled, and 
lieth 5 Points and a half from the Wihd, yet her Courfe correft- 
cd is 6 Points and a half from the Wind. 

10. The fcvcral Courfes (being corrected) andDiftances, are 
to be brought into one Courle and Diftance; which is called Re-- 
folving a Traverfi^ and to lay it* down by Scale and Comf^aires^ 
take the four following Rules, which give the Points that are be- 
tween the Courie laft made, and that laid down, next ta be call- 
ed the Angle between both Courfes.. .. 

Rule I. Two Meridians aiid two Parallels ; the lefler Courfe 
fubtrafted ffom the greater, gives the Angle between both 
Courfes. ' . . 

Rule 2» Two Meridians, and one Parallel ; add both Courfes 
together. 

Rule 3, One Meridian, and two Parallels ; fubtrafl the Suiii 
of both Courfes from 16 Poihts. 

Rule 4* One Meridian, and two Parallels ; add 8 Pbinti, the 
leffer Courfe, and thfc Cortiplement of the greater together ; the 
Sum is the faid An^Ie. 

Note I. North and South Ire called Meridians, and Eaft and 
Weft are called Parallels. 

2. By Complement df th^ greater Courfe^ underftand hotr 
much it wants of 8 Points. 

3. To know the Meridians, and Parallels, the firft and fecortd 
Courfes are compared together, the fecond and thirds and the 
third and fourth, isfc. 

Example. J Ship bound fo d certain Port^ meeting ibith tontraiy 
fflndsy fails firjl S.E. hy t. 67 Minutes \ then S.E.' by E, 53 j 
thin W.S.W. 45 ; then N.E. by N. 74 ; then W. 57 ; and then 
S. by E. 83 Minutes ; I demand the Difference rf Latitude ^ Depart 
tUre from the Meridian^ and direct Courfe^ and Diftance from the 
firfi Place departed? Plate i. Fig. 15. 

E X; Set 
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I. Set down the fcveral Coiirres and DiRznces, with the 
Points from the Meridian, f^f. as in the following Table. 
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2. In the fifth Column put the Points for laying doiriy 
which are found by the four Rules foregoing ; the lirit CoUEJe 
Always is the fame with the Points from the Meridian : Yif 
the fccond Courfe, it's 14 Points, found by comparing tlie 
ftrft and fecond Courfes together, in which is one Mertdiui iqd 
one Parallel ; and by the 4,th Rule it makes 14 Points,' for lay- 
ing down : Again, comparing the fecond and third Courlei^ 
it'^ one Meridian and two Parallels, whiA by the third ItliilB 
viakes 5 Points for laying down : Again, the third and fbgiui 
Couifes compared, it's two Meridians and two Parallelat whldu 
by the firlt Rule makes 3 Points for laying down ; and £> foi* ffie 
left, as in the foregoing Table. - ' 

3. By thefe Points for laying down, it's eafy to dclindiiem» 
Traverfc j as you fee in Plate 2. Fig, 15. which is thus j 

Pir^y Draw the Meridian AB, and on A draw tti Aic^ 
with the Chord of 60 Degrees, on which Arc lay 2 Points j-br - 
it draw a SE. by S. Line, laying thereon (from A) 67 Mlhuiltt- 
tltcDiflancerunSE, by S. 

Secandfyi, With a Chord of 60 Degrees, and one ^aat rfiijfc 
End of the SE. byS. Line, draw an Arc, [always .tpwaia mtf 
Point of the Compafs dircdcd b/ the Courle) on which' th^ik' 
Poiats : That is> take 7 Rumbs from the Scale of Ruoabt^ m2 ' 
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lay it twice on the faid Arc ; through that Point, and from the 
End of the SE. by S. Line, draw a SE. by E. Line, making it 
53 Minutes Long, fo the fecond Coiirfe is finifhed. 

Thirdly^ At the End of the SE. by E. Line, in like Manner 
with the Chord of 60 Degrees,, draw an Arc,- and thereon lay 
5 Pointsy by which and the end of the SE. by E* Line draw the 
WSW. Line 45 Minutes long. 

Fourthly^ After the fame Manner draw the NE. bv N, Line 
74 Minutes long : Then the W. Line, 57 Minutes long j and 
then the S. by E. Line, 83 MinUtes long, ending in C, thfe 
Place where the Ship now is. 

Laftly^ Draw a Line from C to A (the Place the Ship de- 
parted froiTi) and from C let fall the Perpendicular BC 5 then 
is AC the Ship's Diftance from the Plac6 of Departure, AB her 
Difference of Latitude, and BC her Departure from her firilj 
Meridian, each being meafured on the fam'e Scale the other Lines 
Were taken from, will fhew how much they are feverally, and 
the Angle BAC meafured on the Scale of Chords or Rumbs, 
ihews her Courfc. 

4. Then by Prob. i. Seft. 3. 6f this Chap, find the Difference 
of Latitude and Departure froih the Meridian, for thdft Courfej 
and Diftances feverally ; tjjat is, by the firft Cafe of Plane^ 
Sailing y having the Courfe and Diftance run given ; to find the 
Difference of Latitude, and the Departure from the Meridian ; 
and that for -each given Courfe; which Place in their proper 
Columns', thus ; If the Courfe be North Eafterly, put the Diffe- 
rence of Latitude in the North Colunin under (North) and 
the Departure in the Eaft Column, under (Ei^) if the Courfe 
be South Eafterly, then piit the Difference of Latitude iii the 
South Colamn, and the Departure fn the Eaft Column ; if South 
Weftcrly, then in the South and Weft Columns ; and if North 
Wefterly, then in the North ai*d Wcfl Columns. 

As fbr Example. The firft Courfe in the foregoing Traverfe 
is SE. by S. that is South Eafterly ; the Diftel-ence of Latitude^ 
Minutes 55.79 place in the South Colunin ; and the Departure, 
Mmutes^7.2, put in the Eaft Column, as in the Table fore- 
going : The like obferve for all the reft. 

m • 

% 

' Notij When the Courfe is due E.W.N, or S. then place^ thei 
Diftance failed in the Eaft, Weft, North or South Columns j ai 
here the Fifth Courfe is ^W. the Diftance 57 Minutes is plv 
in the Weft Column, as you fee in the Table preceding. 

E 2 5* 
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5. Having found the DifFerencc of Latitude and Departure 
from the Meridian for each Courfe, and placed them in their 
proper Columns ; add up the North, South, Eaft, and Weft 
Columns feverally^ and fubtrad the North and South Columns, 
the one from the other, that is, the lefs from the greater, for 
the DifFercncc of Latitude ; in like Manner, the Eaft and Weft 
Columns for the Departure : As in the foregoing Table, the Sum 
of the North Column 61.5, fubtrad from the bum of the South 
Column i83.7» the Remainder 122.2 is the DifFerence of Lati- 
tude Southerly : And the Sum of the Weft Column 08.6, fuhu 
traded from the Sum of the Eaft Column 138.6, the Remainder 
40.0, is the Departure from the Meridian Eafterly. 

6. Then having found the DifFercncc of Latitude, and Depar- 
ture from the Meridian, the Courfc and Diftance may be found 
by Problem 6, Se£tion 3. of this Chap. And in this Example, 
the DifFerence of Latitude being Minutes 122.2 Southerly, and 
the Departure Minutes 40.0 Eafterly, the Courfe will be South 
i8d. 7m. Eafterly; that is S. by f. three-quarters E. almoft, 
and the Diftangc Minutes 128.6, which was required. 

After this manner vou may work an^ Traverfe ; and for the 
Learner's PracAce, I lubjoin the followmg Examples. 

Examp, 2. Suppofe in 24 Hours a Ship faileth as follows, SW. 
by S. 30 Minutes, S. 33, NNW. half W. 32, SW. 30, bE. 9, 
and £S£. 1 1 Minutes : What is her DifFerence of Latitude, 
Departure from the Meridian, dire£t Courfe and Diftance ? 

jtnfw. DifFerence of Latitude Minutes 67.9 Southerly, De- 
parture Minutes 42.8" Wefterly, Courfe is South 32d. 13m, 
Wefterly^or SW. by S. ncareft, Diftance Minutes 80.15m. ; ■ 

Exempt r. If a Ship faileth (by the Log Board) in 24 Houn 
as follows'NNE. 83 Min. SW. 74. E. by S. 92. NNW. 126.' 
S. by W. i;,.and NE. by N. 78 Minutes : What is her Difr 
fcrence of Latitude, Departure, diredt Courfe and Diftance run. 

Anfiv. DifFerence of Latitude Minutes 141.7 Northedy, De» 
parture Minutes 55.6 Eafterly, Courfe is North cid. afClli; 
Eafterly, or NNE. ncareft Diftance Minutes 152.3. 

Examp. 4. If a Ship faileth W. bv S, 87 Min. N. 46. SSE>I 
7S. E. 83. NW. by W. 79. NE. by E. 57. and NW. b^ N^ 
64 Min. I demand her Difference of Latitude, Departur^ oM& . 
Courfe, and Diftance run ? . '" 

■ ■ ■ • 
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Anfw. The Difference of Latitude Minutes 88.6 Northerly^ 
Departure Minutes 27,5 Wefterly, Courfe North I'ji, 15111. 
Wcfterly, or N. by W. half W. neareft, Diftance 92.68 Mi- 
nutes. 

* 

Examp. 5. A Ship faileth as follows, NNE. 55 Mim. NW. 
J W. 96. S. by E. i E. 57. WSW. § W. 89. NE. by N. i E. 
100. SW. by W. i W. 54. and N. by E. 50 Min, What is her 
Difference of Latitude, Departure, dire£b Courfe sQj^Difl^uicc 

jtnjiv. Difference of Latitude Min. 131.8 Nor|^erly, Depar- 
ture Minutes 92.1 Wefterly, Courfe 34d. 56m. North Wefterly, 
or NW. by N, neareft, Diftance 160.7 Minu^. 

Examp. 6. A Ship in 46d. 24m. South Latitude, faileth by 
the Log-board in 24 Hours SE. 8 Min. S\^. by W. | W. 6. 
NE. bv E. 5. WN W. 4 W. 9. NW. 4. ESE). i £. 3. S. by B. 
7.-NNE- i E. 4. and E. 7 Min. What is ^er Difference of 
Latitude, Departure, dire^ Courfe, Diftanc^run, and Lati- 
tude fhe is in ? 

Anfw. Difference of Latitude min. 4.62 %utherly. Depar- 
ture min. 6.17 Eafterly, Courfe is S. 5^d. lom. Eafterly, or 
SE. i E. Diftance Run min. 7.7i, and Latitude in 46d. 29m. 
South. 

* ■ ■ ■ 

Examp. 7. Admit a Ship in id. 30m. North Latitude, fails 
NNE. 6 Min. SE. by S. i E. 5. NE. by E. half E. 4. WNW, 
I W. 8. SW. bjr S. half W. 7. NW. by N. 4. £NE. 5. SW. 
7. zxii SE. by t. 5 Min. I demand her Differdice of Lati- 
tude, ^Departure, dire^ Courfe, Diftance Run, ancL what Lati- 
tude /he is in ? > .1 

Anfw. Difference of Latitude Minutes 2.40- Southerly, De- 
parture min. 1.59 WefterlyyCojurfe is South 33d.jBim. Wefter- 
ly, or SW. by S. Diftance Minutes 2.88. and Lvitude (he is in 
id. 28m* North. J 

Thus much for the fecond Part of Plam-Sailing^ called a 
Travirfe^ we go pn to the (Jfe of an Obliqut Triangle ia Planc-^ 
Si9i(in^, 
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Soft. V. Plane-^aUing the third Party or tbi DoSrim of ObEqm 
Plane Triangles applied in ProbUf^s of Sailing by tffi PUne 
Chart. . 

ALtho* this Part of Plane-Sailing is the leaft ufcfiil, and moft 
difficult \ yet for the Learner's Amujemenc I wilf add ths 
following Problems, 

Prob. I. Suppofe two Ports lie North and South^ and a SUp/ailf 
from the Northermoji SE. 68 Min. another from the Souther^ 
moft fails NE. by N. till fl>e mtfts the frft Ship \ I ifemand the 
biftance ofthefe Ports j and thefecond Skip*s Dijlance runf 

In the Oblique Triangle ADE, Plate 3. Fig, i, 
JLtet A rcprefent the Nor3iermoft ) p 
D the Southermoft -- - J ^°"* 

The Side J j^g ^^j^^ ^^^^^j ^ \ J Ship's Coarfe and Diftancc, 

E the Place where the two Ships meet. 

Here are two Angles and an oppoiite Side givcg, and thercr 
fore by Chap. 2. bed. 3. Prob. 5. Cafe i« of Obliqiu-jfsiigies^ 
in Page 43. . 

1. For the Side AD, the Diftance of the two Ports^ th^ Pion. 
portion by Jxiom the 2d is, 

S. ADE..Side AE:: S. A ED- Side AD. 
S. 3 Points •• 68 Min. : : S. 9 Points •• Min. 120. 

Note ; When an Angle exceeds 8 Points, fubtraA it -fto^ 
16 ; as here, 9 Points being fubtradled from 16, the Remainder 
7 Points, is to be lifed inftead of it. 

2. For the Side DE, the fecond Ship's Diftance, the Propqiy > 
tion by the faid Axiomj is, . ' 

S. ADE -SidcAE:: S. DAE -SideDE. 

S. 3 Points .. 68 Min. 1:8.4 Points •• 86.55 Tenthi. 

Prob. II. Suppofe two Ports /iV NE. and SW. anJaSihJkjIf 
'from the Southermoft ESE. 45 Adin, another from the Niirtbar^ 
ma ft runs 72 Min. and then nuets the ftrft IShip \ I demftmi $ka 
Courfe fleered by the lafi^ and the Diftance of the Ports f^ 

In the Oblique Triangle, ADE, Plate 3. Fi^. 2. 

Let A reprefent the Southermoft ?- t> ^ ' - 

^ P the Northcrmoft - - - J ^^''^• 
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'The Side \ ^1 ;J^ fi-^^- j Ship's Courfe and Diftance. 

E the Place where the Ships fi>eet. 

Here are two Sides and one Angle oppoflte given ; and }Sf 
'Chap. 2. &<ff. 3. Prob. 6. Cafi % and 3, of Oblique Angles in Pagks 
43 and 44, 

X. For the Angle ADE the iecond Ship's Courfe, the Proper^ 
^on by Axiom the ad is, 

SideDE.. S. DAE :: Side AE -S. ADE- 

72 Min. •• S. dyd. 3oro. : : 45 Min. •• S. 35d. 1501. which 
fubtra<St from SW« 45d« makes the Covrfe 9d. 45m. iSouth 
Wefterly, or S. three-quarters Weft. 

2, For , the Side AD, the Diftance of the two Ports, tke Pro- 
j>ortion by the faid Axiem^ is> - * ' 

S. DAE ..Side JDE :: S. AED-SidcAD^ 

5. 67d. 30m, ..72 Min. : : S. yyd. 15m.- 76.01 Minute. 

Pxob. III. Two Ships Jail from 4i esrtaih Road, one falls SSE, 
50 Minutes^ the other SSW. 35 Mintdes^ I demand ihnr fiear^ 
ing and D'lftance^ 

In the Oblique Triangle ADE. Plate g. Pig. 3, 
Let A rcprcfent the Road. 

TheSide I AE tt Snd '- j Ship's .Courfe «.d Diftance 
t DE the Bearing and Diftance of the two Ships. 
Here are two Sides, and one Angle between them given j and 
Tjy Chap. 2. Sefl. 3. Prob. 7. Cafe 4 and 5. of Oblique Angles^ in 

J*^ge44. 

1. For the Angles AED, and ADE, by Axiom the.third. 



Side il?5oMin: 
X AE 35 Min. 

&im Sides -:85 Min. 



DifF. Sides -15 Min. 



From the three Angles -^ r - i8od. com. 
Subtradl the Angle DAE - - 4sd. oom. 

Sum of AEP, and ADE - i35d. com. 

The ,:'Sjum of AED, and ADE byd. 37m. 
Sum Sides •* Diff. Sides ; : T. i Sum Angles •• T.^Diff. Angles 
i8jMi^utc;s-^ IS Min. :: T. 67d.^ ^m. ••T-a3d. Q^ixu. 
T}ie MfDjCo/ the Angles 23d. 05m. 

Added, giv<s the greater Angle god, ■35m.s sA^EP,r 

Subtr^dd gives the lefier Angle 44d;. asqa.psApE. 

which added to SSE. 2id. 30m. is South jCafterlv'46d« CCitaLatod 

North Wefterlv 66d. ssnu that is ESE, and l/^' 

IJtie Beaming o/the two Ships. ' ^ ' 
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2. For the Side D£, their Diftance, the Proportion by €he ^4 
Axiom. 

S. APE ..Side AE .. -S. I)AE rr Side DE. required; 
8.440.2501.-35 Mill. «• •.5.454. com. -Mia. 35-56 Hunil^ 

Prob. IV. Suppofc a Shipfiib N. £. 50 Leaguts^ il>en S9utb Enf- 
terly 85 Leagues ; and then forced back bj foul IVtatbtr le j 
Leagues to the Place from whence Jhe firji failed : I (leffun^ berfi* 
cond Courf^j and her laji Courfe hack ? ' 

In the Oblique Triangle ADE, Plate 3. Fijr. 4. 

Let A reprcfcnt the Place failed from at firft 
D ? ^K S fecond Place, and Side D£ the 2d Courfe and pift. 
E J ^^^ i third Place, and Sicle EA the 3d Courfe an^ Dift. 

Here are three Sides given \ and by Chap. 2. Se£l. 3. Prob. 8. 
Cale 6. of Oblique jtngles^ in Pages 45 and 46. 

I. For FE the Differej)cc of the Segnienfs ^B^ and BE j tl)e 
Proportion according to the 4th Jxiomy is. 
Leagues, 

S.AE :• 5«mE>E&DA::i//.pE&pA •• FEdifSeg. 
105 Leag. " i'^^ Leagues i : 35 Leagues •• 45 Leag. 
45 FE Difference of the Segments AB» and .B£, 



^j., SDE83 
S^^^ } DA 5C 



Sum — 133 

Kff. - - 35 



Toi*«''»'fi.{p»tS;:fS,^r'- 



Side AE - - 105 Leagues. 



2. For the Angles DAE and AED, the Proportion by the firfl 
Axiom, isf, 

Hypothenufc AD •• Radius : : Leg AB .. S. c. DAB or DA£) 

50 Leagues .. S. god. : : 3oLea2. •• S. 36d. 52m. 
Subtrail from ----- • god. com. 

Reftcth the Angle DAE - - - 53d. 08m, whjch 
bring added to the NK. makes N. Eaftcrly oSd. 08m. or Soitth 
Eai^erly 8 id. 5.2m. fo that the Courfe from E to A, is W, hyVt'. 
2l quarter W. back to the Place firft failed from. And again \ 

Hypothenufc DE .. Radius : : Leg. BE -. S. c. BED, or AEI), 
85 Leagues •• S. god. : : 75 Leag. •• S. 6id. 55m. 
Subtract from ^ - - ^ - - - god* oom. 

J\-.rtetli the Anglo AED . - - iSd. 05m. 

WWch 
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Which ftibtraft fropi the South Eaftcrly 8id. 52m. leaveth 
53d. 47m, or S£. three-quarters £. neareft^ for the fecond Ship*t 
Courfe from D to £. 

Thefe are the Kinds of Queftions relating to Oblique Tri- 
angles, tho' Multitudes may be propofed, of which here fol* 
ioweth a Tafte, to exercife the Young Learner ^ all of them to 
be refolved by the foregoing Methods. 

Prob. V. Suppofe a Mirchafa^man in 45d. 30m. North Latitude 

falls into the Hands of PyrateSj who takt away bis Sea Compafii 

afur which hi faiUth as dir^Slly as he can 67 Leagues between 

the South and fVeJi^ and at. the End of the two Days meets a 

Ship of- fffary ij^bo alfi had been the Day before in 454. 

^om. North Latitude, and had failed thence S£. by S. 39 
reagues ; now the Afirchant-man left thofe Pyrates lying too and 
fro where they robbed him^ and the Man of War being defireus 
to find the^m \ I demand what Courfe he mujl Jbape tofieak with 
fhemf 

« 

jtnfw. North 6 id. 3m. Eafteriy, or NE. by E. half E. the 
Man of War muft-fteer to find the Pyrates. 

For this' Problem is an Oblique Triangle ; two Sides and one 
Anglt pppofite ^iven, to find the Angle oppofite to the other 
^ide } which Triangle i^ thus made. 

1. Defcribe a Circle with the Chord of 60 Degrees, and 
quarter it, on wfaofe Diameter fet N.E.S.W. and A. atth^Cen* 
ter ; but (always) N. at the upper Part, and £• at the Right* 
)iand pf the Circle. 

2. Then lav 3 Points from S. tow^ds £• on the Circle, and 
draw the SE. oy S. Lif&e, ^ AD) 39 Leagues in length. 

3. With 67 Leagues, ana oneJFopt on i), crofs with the other 
the Line WAE (produced to the Eaftward) in C, the Place 
where the Ship fell in with the Pyrates. 

4. Then draw a Line from .C to D, and it's done : For A 
iild C are both in the Latitude of 45d. 30m. the Side AD 
reprefents the Man of War'; Courfe and Diftance, ^d the Side 
CD the Merchant-man's after he loft his Compafs, To that the 
Angle ACD being meafured on the Scale of Chords, will ihew 
her Courfe from the Weft, towards We. South, the. Complement 
of the oppofite Point thereof is the Man.of War's Courfe North 
Safterly, to find the Pyrates. • *• . 

ProUoD 



fla^e-SaiUng, the third Parti ' Ch^. JIL 




Anfw. South pi.jtm. Wcfterly, or SW. by S. balfW. 
TtDA NE. by N. naif £. neareft, Diibuice MiAutes 6.azi Puta 
i^f a T)ioiiiand. 

Mf^ In all Quellions of this Natvre, you Btnfl, as prpjnra- 
. dve Work, And the Diftance of each Cape from the Ship, either 
at firft fetdng, or at laft letting ; vhica is evident hjr the Pro- 
je^ipn, thua; 

1. Having drawn a Circle, quarterM jt, and placed the Lettcn 
N, S, £, W, uid A ; as directed in the laft Problem, produce 
AN up higher, becaufe the firft Cape's Bflarlng ts North. 

2. Lay 6 Points from N, towards \V, and Snm the WNW. 
Line, for the fscond Cape's Bearing. 

3. Lay 3 Points from N, towards W, and draw the NW, 
by N. Line 9 Minutes long, from AtoD, the Ship's Couiie 
and Diftancc. 

4. Then lay ^ Point S, from S, towrards £, a^d laying a Scale 
on it and A, draw an E. by S. LincfromD, Parallel to OicEdge 
of the Scale, to cut the North Line in B, the firfl: Cape, 

5. In like manner, lay one Point from S, towards E, jnd lay 
a Scale on it, and A, draw a S. by E. Line from Ji, Parallel to 
the £dge of the Scale, to cut the WNW. Line in C, the feotuid 
Cape. 

6. Draw a Line from B to C, and it is done. Fiy the Lint 
£C reprefents the Bearing and Diflancc of the two Capes, irom 
each other, which being meafiir^ oq the Came Scale the Side 
AD was taken from, will flicw their Diftance afundcr. And ^ 
Angle ABC, meafurcd on the Stelt efCbor^t tr Rumjh^ will fli^ 
their Bearing, which Is South Wcfterly, and Nonh Eafterly. 

But to find thefe Things by Trigonometry, it's necefC^ tv 
4bd «he Sides AB and AC ; or clfe the Sides DB and X)€ { 
which is done in two- Oblique Tjiangles AfiD, and ACD, 1b 
each, allithe Angles, and one Side are given, to find a SUe.' " 

jbUNttit A^prefentsthcPlaceofuieShip at &ft Ibeltig the 
'Caaey, and D the j^lace at laft Sight, or fctting them. 

So that, when the Sides AB and AC, or DB and DC, an . 
^Nuid, then is there cither the Oblique Triangle SACtflcBZlC 

■ to 



Sfi&. V. Pkne^SmUngy the third Part, f^ 

fo v^ork in j then BC (the Side cpinn^on to h^tV Tfifuiglcs) 
^itb its adjacent Angles may be fou^d, by lybich their 6e^infi| 
jand pjiftanc?s frpm each oth^f ^c difcovep^d ; And in eadh Tn» 
angle there arc two Sides and one Angle b^ween them given, t9 
find the other Angles, and tbisd Side | which is to be wrougl^ 
as the third Problem of this Se6lion. 

Prob, VII. Suppofe a Ship failing NW. two IJIan4s appear if^ 
Stght^ cm bears WN W. tbe other N. from the Shipj and when 
fbe Ship hatbfEfiled 6 Minutes further^ the firji hears W, hy S. 
and the other NE. Their Bearing and Dijiance is required, 

Anf South 53d, 49m. Wefterly, or SW. by W. a quvtcr 
W. and NE. by E. a quarter p, Dift^ncc \s Minutes 9.7 icnj^f^ 
found out as before, in the laft Probleqi. 

Prob. Vni. nree Ships fail from one Portj the firJi fiUs SW. hf 

W. the fecond W. by S. balfW. and the third NW. *y W. ? 

J^in. then the firJi bears from the third S. iy W. the fecond bears 

from the third SSE. The firji and fecond Ship's Diftance faiUd^ 

^ and their Bearing ^nd Dijiance from fach other is refmredf 

Anf Firft Ship's Diftgnce Minutes 1045, fecond Diftance 
Minutes 4.644, their Bearing North 37d. 15m. Eafterlv or N,E« 
by N. a quarter E. and S W. by S. a quarter W. Diftance Mi-, 
nutes 6.719. This alfo is wrought by the Diredliofi of the 6th 
Problepi. 

Prob. IX, Admit failing along Shore, I fee two Headlands, i^ 
Eafi^rmoji bears NNE. and the Wejiirmoji NW. off me, at the 
famf time an Iflgnd bfars S. then after /failed W. 8 A£nuteSj 
she fir/i did bear NE. by E. half E. the fecond NNE. and the 
Jfland ESE. from me : The Bearing and Diftance of tbefi 
places from each other is rf quired? 

• 

Jnfw. The Headlands bear North 88d. 48m. Wefterly, or 
£a{l and Weil n<^eft, Diftance Minutes 7.934. I'he Eafter** 
inoft Hcdd-l^d bsars/rQm the Ifl^nd, North 141!. 99m. Eaft, or 
N. by E. ^ qugrt^r E. and S. byAV. awquartirr W. Diftance 
Minute 9'995> m4 the Weftermoft Headland bears from the 
Ifland, North 32d. 14111. Weft, pr NW. by N« Wi4 SE. 1^ S. 
pift^ce Minytes 10.6 Tenthst 
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This is of the fame Nature with the 6th Problem^ only bpre 
are three Things to be found as preparative, v/z. the Diftance of 
each Headland, and the Ifland from the Ship, and confequently 
to find each of their Bearings and Diftances, in the three feveral 
Triangles, nine diftind Sutings and Operations are required. 

The next four Problems are ufed in turning to Windward. 

Problem X. Suppafe the IVind South, and a Ship is hnndu a 
^Port 400 Leagues direSih to Windward^ and makes her Wa^ gsU 

. within 6 i Points of the l^ind. I demand her Diftona Jailed 
upon each Tacij to gain the /aid Port f 

Anfw, 822.9 Leagues, is the Ship's Diftance failed on each 
Tack. It is projected by the Plane-Scale, thus ; 

1. Defcribe a Circle with a Chord of 60 Degrees, quarter it, 
and place N.E.S.W. and A, as diredbed in Problem 5. 

2. Lay 400 Leagues on the Meridian> from A (Southerly) ts 
£, the Place the Ship is bound unto. 

3. From S. lay 6 { Points towards £, and by it from A, draw 
the E.S.E i E. Line AC. " 

4. Alfo lay 6 1 Points from S. towards W. apd laying a Scab 
on it and A, draw a WSW. | W. Line from B, paralfel to the 
edge of the Scale, to cut the £S£, | £. Line in C, the Placp 
where the Ship tack'd, and it's done. 

For, A reprefents the Place the Ship failed from^ B the P<^ 

JOG Leagues dire£Uy to Windward, A C equal to C B, tl|e 
hip's Diftance failed on each Tack ; which being meafured 
on the fame Scale AB was taken from will (hew hoW ipuc)i 
it is. 

But to work it by Trigononietry, in the Oblique Triangle 
ABC, all the Angles and one Side AB beine given, the other 
Sides AC and CB are found, as in the finl Problem of diif 
Sedion : And becaufe two Angles are equal, the Sides oppplUi^ 
to them are alfo equal j therefore one Proportion finds AC equal 
toCB. 

Prob. XL The IFind SW. and a Ship plying to lyindwenrd^ (mcI- 
ing one or many Boards) hath run 900 Leagues \ that is^ 4^ 
with the Larboard Tacit aboard^ and 4^0 with her Startiard 
Tack aboard^ is got 300 Leagues direClly to Windward: I elemem4 
bow near the JVindJhe makes her Way ? 

Jnjw. 7od. 32m- or 6 Points and a quarter from the Wind, 
which is thus delineated by the Plane-Scale. 

It A 
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1. A Circle being defcribed, quartered, and lettered, a^ hath 
been dire£ted in the former Problems ; then lay 4 Points, from S, 
towards W, and by it and A, draw a (SW.) Line 300 Leagues 
long, from A to B. 

2. With 450 Leagues (taken from the fame Scale AB was 
taken from) and one Foot on A, make an Arc ; alfo with the 
fame, and one Foot on B, crofs the former Arc in C. 

3. From C, draw Lines to A and B, and it's done : For the 
Angle BAC, equal to the Angle ABC, meafured on any Scale of 
Chords, ftieyreth how near -the Wind the Ship makes her Way. 

But by Trigonometry, thus ; In the Triangle ABC, all three 
Sides are given, to find the Andes which may be done by the 
Fourth Problem of this Sedion : But, becaufe tne Sides AC and 
BC are equal, therefore let fall a Perpendicular from C to the 
SW, Line AB, as AD, which cuts AB in the Middle, making 
AD 150 Leagues equal to BD, and fo reduces the Oblique Tri- 
angle ABC m two equal Right-angled-Triangles, ADC and 
BDC ; whofe Sides, and Angles in each Triangle are equal to 
one another ; fo that one Proportion ferveth to anfwer the Que- 
ftion. 

For in the Right-angled-Triangle ADC, there i^ given the 
Hypothenufe AC 450 Leagues, and Leg AD 150 Leagues ; to 
find the Angle CAD which is equal to the Angle CBD (the 
Ship's Courfe from the Wind) which is done by Note 2. of 
Axiom I. oi Plane Trigonomitryy thus, 

Hypot. AC..Radi^us;: Leg AD-S. ACDasBCD. 

450 Leag. •• S. god. : : 150 Leag» •• S. igd. 28m. 

Which fubtradt from ----- god. com. 

——^111 ■■■ ■ 

Remainder is the Angle CADssABC 7od, 32m.or6ipts. 
the Ship's Courfe froni the Wind SW ; that is, her Courfe is 
SSE. J JE. with her Starboard Tacks aboard, and NW. by W. 
J W. with her Larboard. 

Prob. XIL Admit a Ship Uund to a Port that lieth SW. by S. 
J^%^ Leagues Dtftame^ the Wind S. hi E. and makes her Way 
good within 6 1 Points of thf Wind: I demand howfarjhe mvji 
Jail upqn each Tacky to gain the Port ? 

Anfw. 689.8 Leagues on' her Larboard Tack, and 326.3 
Leagues on her Starboard Tack, to arrive at the Port, which is 
thus iieoaonftrated by the Plane Scale. 

I. The 
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• • ^ • 

I. The Circle dcfcrib'd, auartcr'd, fcTr. as formerly, lay one 
Pbiht from S, towards £, ana by it and A draw a S. by £• Line 
AB, reprefcnting the Wind. 

a. From S, towards W, lay 3 Points, and by it and A, draw 
A SW. by S« Line 484 Leagues long, from A to G. 

3. From the Wind (S. by £•) lay 6 f Points towards W, and 
by it and A, draw a (SW. by W. J W.) Line AD. 

4. Likewife lay 6 i Points from the Wind (S. by £.) towards 
£, on which Point and A, lay a Scale ; then from C draw an 
(E. by S. J E.) Line to cut the Wind, (S. by E.) Line in fi, and 
the SW. by W. J W. Line in D, and it's done: For AD, and 
DC. repreients the Ship's Diftance failed on each Tack, which 
being meafured on the fame Scale AC was taken frota), will fhcy/t 
how itiuch the Diftance failed on each Tack is. 

By Trigonometry it*s thus j In the Oblique Triangle ACD, 
^11 the Angles and one Side is given, to find the other two Sides,. 
#hich is done by the firft Problem of this Se£libil, in Page 76. 

As S. ADC •* Side AC : : S. ACD •• Side AD. 

5. 3I Points •• 484 leag. : : S. 10 i Points -• 689.8 Leagues, 19 
the Ship's Diftance fail'd on her Larboard Tack. 

As S. ADC .. Side AC : : S. CAD .-^Side CD. 
S. 3I Points •• 484 leac;. : : S, 2 i Points ••326.3 Leagues, is 
the Ship's Diftance fail'd on the Starboard 1 ack. 

Prob. XIIL If two Ports /iVSW. by S. and NE. by ^.Dj/lanei^ 
484 Minutesy the IVind S. by E. and a Skip fails frofn the North' ' 
ermoji Port^ clofe upon a tVind 695 Minutes^ tvith her Lbr-^ 
hoard Tack aboard^ and 332 with her Starboard Tact dt^drd^ 
and then arrives at the Southermoji Port : I demand how near 
the Pf^fidjhe makes her Way good upon each Tack. 

Anfuu. 7cd. 32m: on one Tack, and 70CI. 31m. on the othefj 
which is 6 J Points from the Wind ; that is S W. by W. f W; 
with her Larboard Tack, and £. by S. i f). with her Starboard - 
Tatk. 

• ■ • 

Which is thus demonftrated by the Plane Scale. 

!• Defcribe a Circle with a Chord of 60 Degrees, quarter It^ .1 
fer^. as formerly, 'then lay three Points from S, foy^^rd^ •^''J^' • 
sgid by it and A, draw a SW, by S. Line 484 Minutes- Ibh^ * 
from A to B» 

2U Lay 
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2. I^ay I Point from S, towarcis £, and by it ahid A^ draii^ 
the S. by E. Line AC. 

3. With 695 Minutes (taken from the fame Sca)i! AB Hiiras 
taken' ftdm) aria dne Foot otl A, make an Arc ; alfd with 332 
Mmptes, and one Foot on B, crofs the former Arc in D. . 

4. From D; ' drSw Line^ to A and B, and contUlue die Lidfc 
BD, 'till it cuts the S. by £. Line AC in C, and it's done : For 
the Angles DAC, and ACD meafured on the Scale of Chords 
or Rumbs) will fliew how near the Wind the Ship makes her 
Way good on eiach Tafk, . . 

By Trigonometry, it's thus ; iix the Obliqtie Triangle KSHiy 
all the three Sides are ^iven, to find the Ancles ; that is, the 
Side AD 695 Minutes, Side AB 4S4, and Side BD 332 ; to find 
the Angles BAD, and BDA •, which is done by th«YoUrth Pro- 
blem of this Section, in Pages 72 and 73« 

The next Problems are concerning Currents, 

* 

Prob. XIV. Suppifft a CurriHtfets 14NE. 7 Afmuta in a certain 
T/W, ond a Ship fails SSW. (by the Log) (^ Minuiis in thefika 
Time : What is her true Courje and Dijiance f 

jfnfw. SSW. is the Shit>*s true Courfo and Diftahcc i Mi- * 
nutes ;' which is evident by the Plane Scafe^ thus : ^ 

1. Having done as formerly directed, in making a Circle, S^j. 
Lay 2 Points from &, towards W, and by it and A draw a SSW. 
Line, 9 Minutes long, from A to B. 

2. with 7 Minutes (taken from the fame Scale AB was takto 
ftom) and one Foot on B, crofs the Line AB in C, fo that BC 
may be NNE* and it's done:- For AC meafured on the fame 
Scale, fheweth the Ship's trde Diflahce : Or t))\i,s, . 

From the Ship's fuppofed Diftance - SSW. 9 Min. AB.- 
Subtraa the Current's Motion -' - NNE. 7 Mln. BC. 

■^ .^ . ■ ' ■ ' ■ 

Remains the Ship's triic Diftancd - SSW. 2 Min. AC« 

.The like is done for the two next following Problems. 

Prdbb XV. If a Current yifj E. 4 Min. ati Hktr^ iind a Sbiffaih 
Z.{hy the Log.) 5 Minutes, in an HouY : 7hi SIHp^s trki Qdurfc 
and Diflance is required? 



Jttfw. ^f he Siiip^s true Courfc is Eaft^ Dtftance oWbmitcst 

Plrob. 
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Prob, XVI. if Current fitting WSW. 90 Minutes in a kmwn 
time J and a ShipfaiUth £N£. {by the Log.) 60 ACnmtes in the 
fame Time : What is her true Courfe and Diftonte^ 

Anfw. WSW. 30 Minutes, fo that ihe is fallen a Stem. 

Prob. XVII. Suppefe a Current Jetteth £. 2 Minutes an Hntr^ 
■ and a Ship fails S. 6 Minutes an Heur. WbaCs her trme Cawrfe 
and Dijlance ? 

Anfiv. South i8d. 26m. Eaftcrlv, or S. by E. f £• 19 the 
Ship's true Courfe, Diftancc, Minutes 6 yVJo- 

By the Plane Scale^ it's thus dcmonftrated. 

1. After a Circle is defcribcd, (^r. as formerly, then lay 6 
Minutes on the Meridian from A to B. 

2. Draw BC parallel to WAP^, and thereon lay 2 Minutes, 
from B (towards the Right-hand) ■ to C 

3. Then draw a Line from A to C, and it's done ; for the 
Angle BAC is the Ship's true Courfe, and the Side AD her 
true Diftance. 

By Trigonometry it's thus ; The Triangle ABC is a Right- 
Angled-Triangle, in which both Legs are given, the Leg An 6 
Minutes, tl>e b hip's fuppofed Diftance, and the Leg BCT 2 Mi- 
nutes, the Currents Motion, to find the Angle BAC the Ship's 
true Courfe, and the Hvpothenufe AC her true Diftance ; which 
is done by Axiom the rirft, and Note i, and 2, of Plane Tri- 
gonometry, in Page 36. 

In like Manner, Problem 18 and 19, are performed. 

Prob. XVIII. If a Ship fails [five Days together) by the Ifg^ SW. 
' 725 Minutes^ in a Current that fetteth {in the fame time) S£. 
. 280 Minutes : IVhafs the true Courfe and Diftance f 

Anfw. South 23d. 53m. Wefterly, or SSW. is the Ship's tnic 
Courfe, Diftance 777.2 Minutes. 

Prob. XIX. Admit a Ship fails W. 730 Minutes^ thwart a 
Current fetting to the Soutfnvard ; and then by Obfervati§H^ faei- 
etb the Difference of Latitude is 4^. or 240 Minutes. I demand 
her true Courfe and Diftance ? 

Anfw. South 7 id. 48m. Wefterly, or WSW. J W. is the 
Ship s true Courfe, Diftance, 768.5 Minutes. 

Problem 
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Probkm 
ond 

parted from SE» by S, Dijlanci /^^ Minutej ; I demand the Cur ^ 
rentes Motion t^qth in !^aliiy 4ifid ^antitj ijbafiSf How it fet-* 
tetbf and bow fqft? 



m XX. If a Ship fails S^ iy 'E^'id Aftinutis'in a Current^ 
then arrive at a Port which lieib from the Place Jhe de^ 



Jnfwer. TheCurr-ent fetteth South 57dr 2^itn.Ti!aft; or ESE. 
is- the Drift of the Current ai} to Quality, and Minutes 24.9 
Tenths is its Drift as tp Quantity i and is dempnftratcd by the 
Plane Scale after this manner ; '' 

1. As before, having defcribed a Circle, fcfr. Lay 6ne Point 
from S to\vards.£, and by it and A, draw a S, by £. Line 36 
Minutes long, from A to JB ; 

2. Lay three Points from S towards E, and by it and A, draw 
a SE. by S. Line 54. Minutes long, from A to C. 

3. Then draw a Line from B to C, and it's done : For* the 
Angle ACB meafured (oh the Scale) fheweth the Current's Mo- 
tion as to its Quality, whicK Way from the S.E. by S, and the 
Side BC meafured (on the Scale) fheweth the Current's Motion, 
as to its Qiiantity, how much, or how faft. 

But by Plane lrigon:metryy 'tis thus. 
In the Oblique 7>iangle ABC, there are given two Sides, and 
an included Angle j that is, the Side AC 54 Minutes, the Side 
AB 36 Minutes, and the Angle BAC two Point's, equal to 22d. 
^om. to find the Angles ABC^ ACB, and the Side, BC j which 
is wrought by Axiom the third, and is like the third Problem of 
this Section. 

Problem XXL Suppofe a Ship fails from a certain Cape^ or Head* 
land:, and {by the hog) /« 24 Hours^ runneth SSW. 49 Minutes^ 
in a Current fetting betiveen the N. and the W. and then the Cape 
did bear EN E, from the Ship^ andhy Qbjervation^ the Difference 
of Latitude was 30 Minutes -y I demand the Current* s Motion-, 
that is, iipon what Point of the Compafs, and how fajl ? 

" • . ■ 

Anfw. The Current fets North 74d. 7m. Weft, or WNW. 

half vV. neareft, and at the Rate of Minutes -2.325 an Hour, and 

is thus demonftrated^ by the Plane Scale. 

1. After the Circle is defcribed, quartered, ^c. lay two Points 
from S towards W, and by it and A draw a SiSW. Line 49 Mi- 
nutes long," from A to B. 

2. Lay fix Points frqm S towarJs W, and by it and A, draw 
a WSW. and ENE. Line AC. 

F 3. Lay 
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3. Lay 30 Minutes (on the Meridian) from A to D, and fnmi 
D draw a Wdt Line Pauidlel to AW^ to cut the WSW. Line 
in C. 

4. Then Draw a Line from B to C^ and it^$ done : For the 
Angle ABC beine meafiired on the Scale, flieweth the Current's 
Motion from SS W . and the Side BC being meafured fliewctfa 
how much the Current fet the Ship. 

By Plane Tri^Momtry^ it's thus; 

1. In the Right Ande Tnangle ADC,. there is given tlie Lqr 
AD 30 Minutes, Anele DAC fix Points, and Angle ACD two 
Points ; to find the Hypothenufe AC» which is done by jlxiim 
thefirft $fPUine TrigoMnuiry. 

2. Then in the Oblique Trisnj^le ABC, there b giTen die Side 
AB 49 Minutes^ the Side AC found before, and die induded 
Angle B AC 4 Points, equal to 45d. to find the Angle ABC* (the 
Current's Motion frop SSW.) and the Side BC, its Moticm new 
much, which is folved by Axiom the 3d, as was the laft PrMewu 

Let this fuffice for the Firft Part of Navigation^ commonly 
called Plant^SaiUngy though many more Problems might be in- 
vented. Wright* s Sailing is next in order* ' 



CHAPTER IV. 

The Second Part of NAVIGATION, cr ih DaHrim ^ 
Plane Right- Angle-Triangles, afpliti in Probkm if 
Mr. Wright's Sailing {commonly called) Me&catok's 

Sailing. 

■ » 

T T's neceflary to defcribe Mr. Wrigb^s Charts and fhew tbe Ufit 
^ thereof, before the Problems of Sailing by it, which^ faj.dns 
Method, will be eafier underftood. 

• 

Sedion I. The Defeription andUfirfMr. Wright's Ch«t 

'T^ If I S Proje^ion fuppofeth the Earth and Sea to make ene 
-'' round Body or Globe : In order to the right undetlbpldiDg 
of which^ obferve the following Definitions. 

J. Upon this Earthly Glpbe are imagined two oppofitePoSntis 
one called the North Pole, the other the South Pole; as P a&d'I, 
Plate y Fig. I. 

2. in the Middle between thofe two Poles, or equally diil^ 
from each, is drawn a Circle round the Globe, called ue £fp»- 

'iot% 



^ 
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iori fiem which Xatitiide takethits beginning, and in which 
Longitude i^ reckoned ; as ^ A Q. 

3. Any Circle drawn through both Poles^ is called a Meri- 
dian, as PMI, If^lt ^c. anCwcxa'ble thereunto is any North or 
South Line drawn in t\it Chart. 

. 4. Thofe Circles which are parallel to the £quator> are callecl ^ 
Parallels of Latitude ; as alt^ Zliy i^c, and are reprefeated in 
the Chart by the Eaft.and Weft Lines. 
£• Latituii of a Place, is the (^^neareft) Diftance of ainy Parallel 
mng over it from the Equator; from thence counted both 
^ays to each Pole, ending in 90 Degrees, the greateft Latitude* 
6. North Ldtitude^ is on that Side of the Equator 'towards the 
North Pole, and South Latitude on the other Side of the Equa- 
tor, towards the South Pole. 

7* Diffirtnci if Latitudi^ is the (neareft) Diftance between any 
two Parallels, and Aeweth how far one Place is to the North- 
ward or Southward of another, it never exceeds 180 Degrees^ 

8. Longitude, is reckoned in the Equator, round which (by 
fome) it's counted increafing to the Eaftward, 'till it ends (where 
it firft b^an) in 360 Degrees^ the greateft Longitude : Others 
(^ Mr. ^aJtefyy in his Mariner*! Compafs ReSfifiedj and alfo now 
in the Mariner^s New Calendar) reckon it from one Meri- 
dian, both Eafterly and Wefterly, till both Accounts meet at 
180 Degrees in the oppofite Meridian, as in both the aforefaid 
Books, Longitude with the Englilh begins at the Meridian of 
London, and from thence is counted Eafttflv, Eaft Longitude 
1 80 Degrees; and Wefterlv, Weft Longituae 180 Degrees, at 
which both Longitudes end. 

'9. Difference ^ Longitude, is that^ Diftance or Portion of die 
Equator contained between the Meridians of any two Places, and 
Iheweth (in the Equator) how JFar the Meridian of one Place is to 
the Eaftward or Weftward of the Meridian of another, and never 
exceeds i8d Degrees. 

From thefe Definitions, or Principles, there muft neceffarily 
follow diefe fltiffrems. 

I. The DiJIance of any two Meridians, in any Parallel of Lati- 
tude, is lefs than their Diftance in the Equator, becaxife all Meri- 
dians on the GlcAe meet iti the Poles. 

1. The Degrees of Longitude diminiifh towards each Pole ; 
and the heaitr the Pole, the lefs they are, becaafe the Meridians 
approach nearer to one another, the farther you fail from the 
Equator, towards either Pole. 

F 2 3 The 
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3. The Degrees of Latitade are equal in all Places or Parts of 
the Globe. 

4. The Plane Chart, which counteth the Degrees (as well of 
Longitude as of Latitude) in all Places, to be equal, is notori- 
ouily falfe. 

5. Mr. ITrigbfs Projeftion (commonly known by the Name 
of Mercator*s Chart) wherein (though the Degree^ of Longi- 
tude are equal, having the Meridians parallel to one another) 
the Degrees of Latitude are enlarged towards each Pole, in* the 
fame Proportion as the Degrees of Longitude dkniniOi on thd 
Globe, will in all refpefits agree with the Globe, and is a true 
Way of Sailing, 

Thefe Definitions arid Theorems duly confidcred, there needs 
no further Defcription of this Chart, it having^ only this Dif- 
ference from the Plane Chart before defcribed in Chap. 3. Sed* a. 
Page 53, that the Equator is divided and numbered in De- 
grees, as the graduated Meridian is in the other ^ the Ufcs are 
as follow. 

Problem L To find the Latitude of any Place in the Chart f 

This was tauglit before (in the Ufe of the Plane Chart) in Page 
54, and needs no further Rule or Example. 

Problfcm IL To find the Longitude of any Place in the Chetrt f 

The Rule. i. Take the neareft Diftance from the propoled. 
Place, to any Meridian. 

2. Move the Compafles (being kept at that Diftance with-one 
Foot on the Meridian) 'till both Feet come to the Equatoryand 
the Foot which flood on the propofed Place fheweth its Longi- 
tude required ? 

Example. I demand the Longitude of the Lizard in England? - 

• 

Anfw, 9d. 42m. according to the old Way of computing the 
Longitude from the Meridian of Pico Teneriffa \ but5d. 1401. 
Weft Longitude, counting Eaft and Weft Longitude from 
the Meridian of London^ according to the Mariner's C^npeJk 
Re£lified. 
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: Note ; Soipe Gharta.Jbcg>a Longitude- at the Lizard^ counting 
from thence Eaftward aijuiWeftward, iSo Degrees. 

PrbSlem III. To find the Courp or Bearing of any two Pkcis in 

the iharty . 

'This is done as hefoi*, in the tffe.of the Plane Chart, in 
Page 55, and needs no Example; • 

Problem IV. To find tho-Df/lance of any ttvo^ Places in the Chart. 

In this Problem are four. Cafes > the ttvo Places mav be fituated 
under one Meridiail, und^ the Equator, or in one Parallel, or 
they may differ both iiT Latitude* and Longitude. 

ft . • . w ' ' 

Cafe I. Two Places under one Meridian (that is^ differing only in 
' Latitude) being giviH^ to find their Diftance. 

The Rule. Find the iJifference ef Latitude between the two 
given Places, and *tis the Diftancc required. 

How to find the Difference of Latitude between the two 
Places, has been taught in Chap. III. Se£l. III^,q{ Plane-Sailings 
in Page 58* ' - "' \ 

Cafe 2. Two Places in the Equator given^ to find their Di/fance, 

The Rule, Find the Difference of Longitude betw^n them, 
and 'tis the Diftance required. 

Ho^^ to find the Difference of Longitude, will be fhewf d in 
tlie next Sedlionj in Page 89. 

Cafe 3. Two Places in one Parallel (tbatisy differing only in Lon- 
gitude) being given^ to find their Dtfiance, 

The Rule. J. Take the Diftance between the given Plaices in 
the Compaffes. 

2. Lay that Diftance on the graduated Meridian, fo that one 
Foot may be as many Degrees above the Parallel of the given 
Places, as the other below it, there ftay the Compaffes. 

3. Count the Degrees between the teet of the Compaffes, and 
'tis the Diftance required.. 

Example. I demand the Diftance from the Lizard in England^ io 
Pengwin Ifland on the Coajl ^Newfoundland, both being nearly 
in the Latitude of 5od. aom. North. 

F 3 Here 
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Here, The Diftance from rix^ LizariXD P^igwin Ifland applied 
to the Meridian as direded, will readi fVom 3id. 30m. to (rii. 
oom. the latter being as much above 5od. oom, as thpCbnnci: i^ 
below it ; and the iJegrees intercepted 2Jt 3of, er 610 LcagueSy 
which is the Diftance required. 

Take the Length of the Degree- in t4w girea. Latitude^ an h^re 
from 49d. 30m. to 5od. ^om. turn that over in a ftrait J^U>a» 
* from the Ltzard to Pengwin Ifland, and it's 30^ Times ; which 
Ihews the Diftance 300. 30m.. as befeie. 

Cafe 4« Two Places differlni in IfatituHi and Lnigltndi'^ hiing 

givin^ t$faul ifnir Difiami* 

The Rule. I . Take their DiflFerence of Latitude from the 
Equator. • 

2. Lay a Ruler on both given Places, apply that Diftance fo 
to the $.uler's Edee, that when one Foot is placed clpfe to the 
Ruler, and the other turned about, it may jufi touch fome l^aft, 
and Weft Line, crofted by the faid Ruler's Edge, diere ftay ^e 
Compafies. 

Then the Diftance if by the Ruler's Edge) from the Place 
where the Compafles refted, to that Place where the Ruler crofl^ 
eth the a£bi;efaid Eaft and Weft Line, meafured on the Equ^to^ 
giveth the Diftance required. 

Example. 
J demand the Diftance from the Lizard, to the IJUmi BarbadoesI 
The Lizard's Latitude is - 49d. 57m, ? , o^uu- . 



Their Difference of Latitude 36d. 59m. 

Then take their Difference of Latitude 36d. 59m. firom dk» 
Equator, and laying a Ruler on bbjLh Places,. ^PP^Y one Foot of 
the Compafles fo to the Ruler's Edge, that turnmg the odief 
about, it may touch an Eaft and Weft Line, crofled by theRidttr; 
then the Djitance (by the Ruler^ Fdge) from the Place ivherf 
the Compafles refted, to the Place where the Ruler ci^flbd tt|e 
aforefaid Eaft and Weft Line, meafured op the Equatbr^ k 574^ 
45m. or 1 1 55 Leagues, the Diftance required. 

And here obferve ; the Meridiaq Line and Line of equal Pttfl 
next one to another on the Gunter's Scale, the fiiA reprefijllts tlie 
Meridian Line, and Degrees of Latitude in a Mtrca^s Chart g ' 
the latter the Equator-Line, and the Degrees of Longitude. 
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Thus much for the Ufe of Mercai^s-Cbart^ Problems of 
failing thereby are next \ but firft fomc preparatory Problems in 
Ge$graph^ 

■ ■ , - * 

Se£lioa II* S^me necejfary GiograpbU ProUms ufefyl in 

Mercator's-Sailing. 

THESE Problems properly bdbng to Geography ^ bit are ne- 
ceffary in failing by Mr. WrigWs (commonly called Merca* 
tor's) Chart, and for that Reafon are placed here. 

Note^ That all the Places mentioned in this Book, their Lati- 
tudes and Longitudes wene: taken' from a Chart, intitlied,. J. mw 
and exa£f Charts containing the Sia Coq/i ^Europe,. Africa, and 
Amtricz ; from England to Cape Bona Efperance, and from 
NewfbuncUafid to Wo Straits 0/ Magellen^ according to Mf. 
Edward Wright's Projeaitfn,, inu/ pMiJhU fy J. Mount, and 
T. Page,, on Tower-Hill. 

This Chart has been new'made, and lately correded, wherein 
the Longit^de of Places is reckoned from the Meridian o( London^ 
agreeing with the At^imr's Conifafi JttSlifod ; K^ for the Dif- 
agreement that may be found between it and Tables of Latitude 
and Longitude in other Books, 'tis not to be regarded ; becaufe 
the Tables themfdves eonfiderably differ one from another, the 
Longitude being taken froiA different Meridians, or differently 
counted, as nuiy appear by the following Problems. 

Problem I. The Latitude^of two Places given ; to find their 
DiSempce of Latitude... 

Ruli u If the two PRkcesane Upon the fame Side bf the Equa^ 
tor, chat is, both in North Lalfituae ; or both in South Latitude; 
fubtra<Sl the lefs Latitude from the- greater, the Remainder is the 
Difference of Latitude. 

JUdoUt If one Place be on one Side of the Equator, and the 
other; Place on the other Side; that is, one Place in North Lati- 
tude, the other in South.; add the two Latitudes together, and 
the Sum- is the OiiFerence of Latitude. 

Obferve I. If a Ship fails from a great North Latitude to 
a left; flie fails Southerly ; and if a Ship fails from » left North 
Latitude to a greater, ihe iails Northerlsy wbidi i« called' xmSa 
thePok. 



88 Mercator*s Sniling^ Chap. IV* 

2. If a Ship fails from a great South Latitude to a.lcfs, (he 
fails Nortlicrly ; but if ihe fails from a Icfs South Latitude to a 
greater, (lie fails Southerly. 

3. When a Ship croffes the Equator, and fails from North La- 
titude into South, the Difference of Latitude is Southerly; or if 
fhc fails from Soiith Latitude into North, (he fails Nbrtncfly." 

Example x , I demand the Difference of Latitude between ibe\Jvi,zx^% 

an4 Ifland Barb^oes; • 

Th'^irDiflF. of Latitude by Subtraction is 36d. 59ml! equal to 
2219 Minutes, . . 

■ ■■ ■ .•..♦■"■."."'. 

Example 2. To find the Diffierenee of Latitude bauiten. the Ifland 
' Barb^doea and ifland &•• Helena Nova. . 

rn J S Barbadoes 1 • t ^^.-...j^ 7 - - 1 2d. 58m. North. 
^^^^ I St. HeUna\ '"Latitude J _ _ ^^j ^^^^ ^^^ 

TheirDlfF. of Latitude or Dift^nce by jaddipg, U afid. s8m. equal 
to 1738 Minutes. . . 



'...■■' i;' 



* . • ■ « k I 



Problem IL The Latitude of otu Place^ and tke Differinit of 
Latitude between that and another Place being given ^ ta[find.ipe 

Latitude of the latter Place^ or Latitude the Ship is i«f . . 

4 



Thi RULE, . ., 

The Latitude, and Difference of Latitude giveti, being bf 

?contrar i ^^'^^ *•»«''' 5 Diff. V^^^^^ Latituflc requirtji 

/■J ^ _J / _. .I'.i. 

Or thus, in two Rules. HiM ■ 

^«^' - I" 1 ?out?: I Lat. failing to the \ No^J ^y^u^ 

the Difference of Latitude to the given Latitude, the Sum" ik t&e 
Latitude required, of the fame Name. 

^"'^ ^' I" I £mh \ L^^- '•-""g ^° '»»«^ 1 Nol: i H- 

fubtra£l the lefs from the greater, the remainder is the reqiiireil 
Latitude of the fame Name with the greater. ^ -. :.. 

Examfk 
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Example, i . . Sailing from the Ifiand Barbados ^Torth Eaftwa^d, 
until the Difference of Latitude be 372 Leagues j What Lati-: 
tude is the Ship in ? 

\. Barhadoes^'LztxtuAtis r -. - - is^d., '58m. North. 
The j^iflfercnce of Latl 372'Leag. or i8d. 36m. "Northerly. 

Add, is the Latitude the Ship is in - 3id. 34m. North. 

■ . .. I _ . . ' ■ . 

Eximpk 2. FroM the Lizard^ a Ship fails South Weftward^, 
until the Difference of Latitude be 1 37 Leagues ; What Latii 
tude is the.Ship^ in ? . • ': • i 

T]ie Lizard Latitnde is - - - - j^d.. sjm. North. 
The Difference of Lat. 137 Leag. or 6d. Jim. Southerly. 

The Lat. the Shi^ is in by Sub: is - 434. p6m. North. 

';ExftfnpU'^ ..From. St, fielena-Nova a Ship faijs North Weft- 
ward. .Muti) ther. EififFerenc^ of Latitude be 419 Leagues ; What 
Latitude-irt^c Ship in ?. ^ 

l/^^i-HAtnOy Latitude is - - - i6d. com. South. 

The Difference of Lat. 419 Leag. of 2od. 57m. Northerly. 

' iiifiiudcthiShip^is iA;'^^ - . 43;."^. North. 

FEoblmn IIL;.!3%/ Langitudiof'tbifwd Places gpuin\'U find f heir 

Difference of Longitude, * 






j.^PQdfrdiQg.^o thc^ol'df .\V*y^ counting tiJ9 1-^ the 

' Siib^ifiufl th? I.cf3 Longitu^e.|Ar9m the greater, the Remainder 
(ilrlefs than Up Degrees] is th^/Pjfferei^ce oJF Longitude ^ but 
if the fiemaindcr be more than 180 Degrees, fubtraS it from 
360 Diegree's, the laft. Remaiiider is the Difference of Longitude. 

2. According to the new Way of counting the Longitude, in 
the Mariner's Compa/s ReaiSedi the Rule is thus ; 

If both Longitudes be Eaft^, or both Weft, fubtra£l the lefs 
from the greater, the Remainder is the Dift«rence of Longitude ; 
but if one bo Eadft, and the other Weft, add them together, and 
tbe^Sum (if it exceed not 180 Degrees) is the Difierence of Lon- 

!;itudev^nd when the Sum doth exceed 180 Degrees^ fubtra^ it 
rom jto' Degrees, the Remainder is the Diference of Longitude 
required*' • ' 

- " Example 



i 
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'tmand the Difftrtna tf Lmptudt^ i 
t,izftrd and tjlani Tencriff, ant aftht Canary Hlands ? 



E«mpfc I, I dtmand iht Difftrtnet af Ltngitudt, bttwtmthe 



According to the old Account, Long, of j f '^'^'^j/ ^ ** 
Their Diffcrcncff of Longitude by Subtra^tng is - - 9 43 

Acceding .o the A/^.c-K..L...of|fg:;^ y4"^; 

1'heir DiAerence of Longitude by Subtrai^lion is - 11 14.W. 

Their Difference of Longitude between thofe two Places, are 

very different in faveral Books, therefore all in this Book are 

taken frojji the Chart afbrefaid, or from the Marintri Ctrnfefi 

Example j. JP%it'i the DiffeT4nu of [.otigUuiit tilwuv iht 
Lizard, and I, Barbadoes f 

By tlK A&nW< Cmf4 L»ngit, of j fjj;i'L_^i^^ 

Sublra£):, u the Difference of Longitude - - 53d. 36in. 
equal to 3216 Minutes. 

Problem IV. Ti inow when tht Difertna tf Longiiudt b4iwtn 
any two Places is EojUriy or Wtfltrly. 

I. A Ccordinir to the old Way of counting the Longitude, cli« 
•** Rule is thus: 

If the Remainder (firft found) be lefs than 180 Degrees, aiid 
you are bound to that Phce, which hath (of the two] ine.gi]|^ter 
Longitude, then is the Diifercnce of Longitude Eafterly ; but if 
you are to fail to the lefs, it's Weftcrly: And when theflfft Re- 
mainder 11 more than 180 Degrees, it's juft the Contrary. 

%. According to the Maraner'i Qumpafi Reilifitdy The Rule i* 
•bus; 

When the Longitude of the two Places are both Eaft or both 
Weft, and you are to fail to the greater Longitude-, then the 
Difference of Longitude is (according to the Name of the Lon- 
piude) Eaft or Weft: But if bound to the lefs Longitude, then 
IB the Difference of Longitude contrary, that is. Weft in Eaft 
Longitude, ai:d Eaft in Weft Longitude : And if one Place lies 
in Eaft Longitude, and t'other in Weft, the Difference of Longi. 
tude between them, is according to the Name of that Longitude 
jQU are bound unto, that is, Eaft, if to Eaft Longitude; and 
Weft, if to Weft Longitude. 

Problem 
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Prpble^ Y. Xki lf9^gitudi of 0ii Placi^Md. tht^ mffirma of 
Zongitudi biman th^ awt anadkr JHace^ bring given ; u Jhut 
the L9nptudi of the laJtFtaet^ ir the Longhudi m Ship is in. 

I. A Ccording t6 the old Way of counting the Longitttde, tk^ 
^ Rules are thefe foUowuig^ 

Rule J. Sailing to the EaftiKaKly add the Longitu4e> ai;id: tho 
Difference of Longitude together, the Sum^ (but if it exce^ 
360 Degrees fubtraS ^60 Degrees th^erefron), the Remaijiikr) ijt. 
the. Longitude the Shw is in. : . 

Rule 2. Sailing to the W^ftwafd* Subjl;ra£t tb^ DifFeroniqeio^ 
Longitude, from (but if the DiiFerence of Longitude be the 
gceateft, add 360 Degrees to) the Longitude of the firft Place^ 
the Remaihderis the Longitude the Ship 19 m, 

2dly^ According tothe new Way of counting the Longitude 
in the Mariner^s Compafs \ the Rules are thefe ; 

Rule I. In £aft Longitude, failing to the Eaflward, and in 
Weft Longitude^ f;toling Wefterly^ add, gives the Longitude thcL 
Ship is in, (if it exce»ls hot iSo.DegjEees) freeing with the 
Name of the ^i^ Place i but if it doth exce^, fubtra^ it ivmk 
360 Degceqs^, 1^ RenuMnder is the Longitude the Ship is iAp. oi 
a contrary Namp^ tQ the fiWt. 

Rule 2. In Eaft Longitude, failing Wefterly, and in Weft 
Longitude^ l^jling Eafterly, fubtratSl, gives the Longitude tb^ 
Ship is in,;whpfe Name agrees with greater. 

Example,!. Sailing from Barbadoes North Eafterly, "^till the 

Dimrence of Longitude be 275 Leagues, What Longitude is 

ijie Ship- in. 7 <f. m« 

By the Mariner* s Compafs^ Long, of the L Barbadoes is 58 5oW« 

The Difference of Longitude is 275 Leagues, or - 13 45 E 






Subtrad, gives the Longitude the Ship is in ^ ' * 45 05 W* 

Example 2. From the Lizard a Ship fails S. Wefterly, 'till the 
Difference of Long, be 352 Leag. What. Longitude is the Ship 
in ? d. m. 

By the Mariner's Cufipafs^ Longitude oi the UzeirA is 05 14WV 
The Difference of Longitude is. 452- Leagues . • i^ S^W^ 



Add, gives the Longitude the Ship is in • - • ai'joti^ 

Thus much for the Preparation to Sailing by this Ch 
Problems are next« 
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Sea. III. Contamr^ Pr^bUms ofSMng bj Mr. WrigBtS Clurt^ 

.'cmmnly called Mercator's Sailing. 

T N the Working, of thefe Problenjs, : a. Table of Meridiciial 
•*• Parts is neccffary ; accordinglv out of Mr. tWlgbfs Table, I 
have drawn one to every fifth Minute of Latitude, count! ug the 
Meridional Parts in Miles, or Minutes of the Equator: See ft^gjes 
394, and 305, for their life ; which Table jrou will lihd placed 
before the Table of Logarithms, whofe Ufe is to findtfie Men-* 
dional Difference of Latitude, between any two given Latitudes, 
and that is done by the next Problem. 

Problem L To find tbt Miridknal Differena o/.tatittaU^ mr tii 
Miffirinc* §f l^titud4 in Mtridi^iiai ^mti. . 

The RULE is. 

The Latitude of {;"*^-^ I Nan,e,the \^^\ of the 

Meridional Parts, (found in. the Table of Meridionad Parts) an-^ 
iwering to the Degrees and Minutes of each Place^sXatitiide, k 
the Meridional Difference of Latitude required. ' \> 1. ' ^ ) ■■ 



•I 



Example i. Iflaiid Barbadoes, and St. Thomas^ vn ifimim tie 
Coaji of Gabon, in Africa ; What is the MeridioiUU Diffkrtmn 
jof Latitude? 



I ■ . ..A ' 

- MinutiBs 



^ • 

■ ■ 1 

Meridional Difference of Latitude ------.- 785 

Example 2. The Lizard and Ifland Barbadoes ; JVhat is their 

Meridional Difference of Latitude f 



. ■ • » 



Minutet. 

f'S^.l i-'«--«I^:|K:|N.M.rid.P.m ij^ 

Subtrad, gives the Meridional Difference of Latitude - - pM$ 
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Example 3.' Ifland Barbaidoes, and IRznd St. HeWria; tndt is 
. tbiir Meridional Uiffennce $f Latittide f 

- ■ Min. 

"•- 1 a^'l ^ \ Im: IS: s.- 1 "«"•>»• { ^ 

Add, gives the Meridional Difference of Latitude - - 1758 

Problem II. Tht Latitudt and Lonptude of two Places given i U 

find the Courfe and Dijiance f ^ 

Example. What is the Courfe and Difiance from, the Lizard t§ 
the Ifland Barbadoes ? 

d. m. Min. d. mi 

Diff. of Lat. - 36. 59 S. Mer.Diff.Lat.268sDiff.L0n.53, 36W 

60 60 



or 2219 Min. or 3216 Min, 

This Reftangle Triangle ABC {Plate 3. Fig, 5.) is made by 
Problem 1 3. of PraSfical Geometry^ after this Manner. 

1. From A reprefenting the Place failed from, lay the Meri- 
dional Difference of Latitude to B. 

2. Draw BC perpendicular to AB, and thereon lay the Dif- 
ference of Longitude from B to C. 

3. From A to C (reprefenting the Place the Ship is bound to) 
draw a Line^ which concludes the Triangle ABC, Right-angled 
at B, whofe Angle BAC meafured on the Scale of Chords or 
Rumbs, (hews the Courfe or Bearing of the two Places. 

• 

4. Take the Difference of Latitude, and lay it on the Meri- 
dian, from A to D, and draw a Line D£, parallel to BC> to 
cut AC in E, and it's done : For if A£ be nietfiirfed on the 
fame Scale AD was taken from, it Iheweth thuDiiSv 
the two Places. 

' But to refolve it Vy tripmmittji^ 



*. I • 
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Triangles ABCf and AO£ } in the former 70U muft N0U9 



I. The Leg AB, is the Meridional Diflference of Latitude; 

a. The Leg BC is the Difference of Longitude. 

3^. The Angle BAG, is the Courfe of Beanm. 

4* The Angle ACB, is the Complement of the Covrfe. 

SeioMdfyy In the Reaangte Triaftj^ ADE. 

z. The Leg AD, is the proper Diilerence of Latitude, 
t. The Hypc^henufe AE, is the Diftance of the two Places.' 

3. The Leg DE^ is the Departure from the Meridian. 

4. The Angle DAE, is the Courfe, or Bearing. . 

5. The Angle AED, is the Complement of the Courfe. 

Thefe Things beine premifed, the Proportions according to 
dMtom I. Note 2. of Plane Right- Angled Triangles, are aa rol- 
loweth: 

1. For the Courfe^ the Proportion by Axiom i. Nrti a. is 
diis : 

If the Leg AB is made Radius, then the Leg BC is the Tan- 
gent of the An|Ie B AC, and therefore it is. 

As the Meridional Difference of Latitude, is to the Radius; fi> 
is the Difference of Longitude, to the Tangent of the Courfe ; 
but more briefly thus : 
Mend. Difi^. Lat. *• DiflF. Long. : : Radius •• T. of the Courft. 

2685 Minutes •• 3216 Min. : : T. 45d. -'T. 50d. qau 
Which being turned into Points of the Compafs, makei the 
Courfe to be SW. half W. nearly. 

2. To find the Diftance, the Proportion hy Axiom i. N§ti i» is 
this: 

Making the Hypothenufe A£ Radius, the Leg AD is the SisiUp 
of the Ande AED, or the Sine Complement of the Courier and 
therefore it is, ' 

As the Sine Complement of the Courfe, is to the proper IXfr 
iercnce of Latitude ; fo is the Radius to die Diftance in Ijte 
Rumb ; or more bridBy thus : 

S. c. Courfe •• Diff*. Lat. : : Radius •• Diftance required* ' 
S. 39d. 51m. ••2219 Min. : : S. 9od. •• 3463 Minutes. .. .^^ 

Nme^ The Meridional Difference of Latitude may be CdHUmI 
by the Gomur^t'SctJi^ thus ; 

Extend the CompaflTes from the Latitude of 49d. 57m. (pa 
the Meridional Line) to the Latitude lad. 58m. on the 'fius 

Luiei 
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Line ; that Extent meafured on the Line of eaual Parts will be 
44Ti^<i. or 2685 Minutes, the Meridional Difference of Lati- 
tude, which is Ae £une as by the Table. 

Problem III. Both Latitudet 4md (Unrfis ghin | Ujmd thi Difi^ 

imci and iXjfirince of LMptiule» 



Example. A Ship fails from the Lizard, and makes ber Coorfi 

(when Variation, Lee-way, Vc, are allowed for) to be S. j^, 

W. or.SW. by S. { W. and then by Obfervation, is in Latitude 

" 45d. 3im« N« I demand the Diftance run^ and ^e Longitude 

flie is in ? 

d. m. Minutes. 

Difference of Latitude 4 26 Mer. Diff.Lat. * • 396 

60 



Or - - - - 266 Minutes. 

To delineate this, or any of the feteh next Problems^ by the 
Plane Scale, as alfo their Refolutions by Plane Trigonometnr^ the 
Dire£Uons and Notes in the foregoing Problem may be fumcient 
Inftru&ions, and therefore they are omitted till I come to Prob. lo* 

1. To find the Diftanco, the Proportion (ai in Plane Sailing) 
is this : 

■ 

S. c. Courfe -Diff'. Lat. : : Radius : Diftance. 

S. 5id. oom. •• 266 Min. : : S. 9od. •• 34a tI Minutes. 

2. To find the Difference of Lon^tude, the Proportion is this, 
Radius •• T. Courfe : : Mcrid. Diff*. Lat./* Difr of Long. 
T.45d. •• T. 39d. : : 396 Minutes •• 323 t& Min. or 5d. atm. 

Or thus ; the Extent on the Meridional Line (on the Guptter) ftom 
Latitude 49d. 57m. to Latitude 45d. 31m. meafuredon the Line 
of equal Parts, is 6d. t| the Meridional Difference of Latitude ^ 
and then you may fay, 

T. 45dL •. T. 39d. : : 6d. yj. •• rf. tH, or 5d. lim. theDif«> 
ference of Longitude, as is found above. 

3. Then to find the Longitude the Ship is in, 'tis thus. 
Longitude failed from - - - - * . 5d. j^m^. Wcft» 
Difference of Longitude 321 Minutes, o^ - 5d. :ii|Db Wi 

Longitude the Ship is in - - - • «. • iC)Cj(< 
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Problem IV. ' Bhtb Latitudes and Ibtftanci giwn^ i 'h find the 

Courfty and Differ ena of Longitude. 

Example. If a Ship runneth C40 Minutes North Weftward, 
from a Port in Lat. 37d. N. and Longitude lod. afm. Wl until 
fhe be in Latitude 41 Degrees North: I demand the Courfe 
fteered, and what Longitude fhe is in ? 

.S«lcdfrom7 Latitude { 37^- North 1 j^^^y p C ,393 
Ship IS m J • I 4id. N orth J c ^102 

Difference of Latitade - 6 N orth, Merid. DifF. Lat. - 309 

Or 360 Minutes. 

1. To find the Courfe, the Proportion (as in Cafe the 4th of 
Plane Sailing) is thus ; 

Diflance ••Radius : : DifF. Lat.*-S. c. Courfe. 

450 Min. •• S. god. : : 360 Min. •• S. 53d. 08m. Which fub- 

Remainder is the Courfe - - - 36d. 52m: North 
Weflerly 3 1 Points of the Com pafs, which make^ the Courfe to 
be N W. by N i Wefl. neareft. 

2. To find the Difference of Longitude, the Proportion is Aus j 
Radius oT. Courfe : : Merid. DifF. Lat. ••Difference Long* 
T.45d, •• T. 36d. 52m, : : 309 Minutes •! 232 Min. or 3d. 52m, 

Or thus, the Extent (on the A^eriJional Line on the tSmtiir) 
from Latitude yji. to Latitude 41 d. meafured on Equal PartSy is 
5d. I cm. Meridional Difference of Latitude. Then fay, 
T. 45d. •• T. 36d. 52m. : : 5d. jH •• 3d. 88 Parts of 100, or 3d. 
52m. the Difference of Longitude as before. 
Longitude failed from - - - - - lod. 25iti..Wefl, 
DiiFerenceof Longitude is 232 Minutes, or 3d. 52m., WdL 

Longitude the Ship is in - - - - - i4d. j 701. Weft. 

Problem V. Both Latitudes and Departure from the Meridian ghOii 
to find the Courfe^ Dijiance^ and Difference of Longituda. 

Example. A Ship in Latitude 49d. 57m. North, and Lon^* 
tude 5d. 14m. Wefl, fails South Weftward, till her DcMttuie 
is 780 Minutes, and by Obfervation is in Latitude 3o<L '26111. 
Nortn : I demand the Courfe fleered, Diflance failed bjr die 
Log, and what Longitude the Ship is in ? '• Jn:J^^. 

The 
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1. The Proportion for the Courfe and Diftance, arc the fame 
as in Chapter 3. Section 3. Problem 6. of Plane Sailings in Page 
62. to which I refer you, and here omit them. 

2. To find the Difference of Longitude, the Proportipn is ; 

Lat. { 0'=P?rt«».fr?"' 49d. 57«>. N- } Merid. I^ts. 5 3470 ? ^in. 
I Ship IS in 39a. 20m. N. 5 I 2571 5 ^^**"* 

OifFerence of Latit. lod. 37m. Mer. DifF. Lat. 899 Min. 

60 
Or, 637 Minutes. Then you may fav. 
As DifF. Lat. -Departure : : Merid. DifF. Lat. ••Diff. Longit. 
As 637 Min. -789 Min. : : S^Min. 1x14m. or i8d,34m. 

Or thus ; the Extent (on the Meridional Line on the Gunter) 
from Latitude 49d. 57m. to Latitude 3od. 20m. (meafured on 
. the Line of equal Parts) is i5d. the Meridional Difference of 
Latitude : And then fay. 

As 637 Minutes •• 789 Min. : : i5d. •• 18.55 Hundredths, or 
i8d. 33m. the Difference of Longitude, nearly as before. 

3. Then to find the Longitude the Ship is in^ 'tis thus ; 
Longitude failed from - ----- cd. 14m. Weft. 

Difference of Longitude 11 14 Min. or - - lod. 34m. Weft* 

Longitude the Ship is in - - - - - 23d. 48m. Weft. 

Problem VL One Latitude^ Courfe ^ and Dijiance given i to find the 
Difference of Latitude ^ and Difference of Longitude. 

Example, A Ship in Latitude 42d. 30m. North, and Longitude 
j8d. 31m. Weft, fails SE. by S. 591 Minutes, or 197 Leagues: 
I demand the Latitude and Longitude the Ship is in I 

I. For the Difference of Latitude, the Proportion (by the i/? 
Cafe of Plane Sailings in Page 59) is thus : 

As Radius -Diftance : : S. c. Courfe- 'Difference of Latitude?. 
As S. 8 Points. .591 Min. : :S. 5Pts. •.491.4 Min. or 8d. iim. 
Latitude failed from - - 42d. 30m. N. Merid. Parts 2822m'. 
Diff. Lat. 491 Min. or - 8d. iim. S. 



rfi«ta 



Latitude the Ship is in - 34d. 19m. N. Merid. Parts 2t95m. 

Subtradt, giveth the Meridional Difference of Latitude 6 

Or thus ; The Extent (on the Meridional Line on 1^ 
icr) from Latitude 42d. 30m. to Latitude 34d. 19m;' 

G 
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on the Line of equal Parts is lod. t^ or lod. 30m. the Meri- 
dional Difference of Latitude. 

2. To find the Difference of Longitude, the Proportion is. 
As Radius •• T. Courfe : : Merid. DifF. Lat. •• Differ. Longitude. 
AsT. 4 Points. ••T. 3.Pts. : : 627 Minutes ••419m. or 6d. 59m. 

Or thus; 
AsT.4Pts. --T. jPts. : : lod.T^-- 6d. 59m. Diff.Long. as before. 
Longitude failed from ------ i8d. 31m. Wefll 

Dif}*. Long. 419 Minutes, or - - - - o6d. 59m. Eaft. 

Longitude the Ship is in ----- iid. 32m. Well. 

Problem VIL One Latitude^ Courfe^ and Departure given^ tofini 
the Di/iancey Difference of Latitude^ and Diffirence ^ Lmgitude. 

Example, A Ship fails £S£. from a certain Port, in Latitude 
5od. lom. South, and Longitude lod. i6m.£aft, until the De- 
parture from the Meridian be 957 Minutes : 1 demand her Dift- 
ance failed, the Latitude and Longitude ihe is in ? 

1. The Diftance is 10-15 7 xyr- u r«u -. ^ o a- 

2. The Diff. of Lat. 396.4 \ M'"" ''^ ^^^P'*=" ^' S^^wn 3- 
Problem 3. oi Plane Sailings in Page 60. Then the Latitude the 
Ship is in, and the Meridional Difference of Latitude, is found 
thus : Min. 
Latitude failed from 5od. lom. South, Merid. Parts - 3490 

.Diff. Lat. 396m. or 6od. 36m. S. 

Latitude Ship is in - 56d. 46m. S. Meridional Parts - 4157 

ISubtraA, givcth the Meridional Difference of Latitude • 667 

3. To find the Difference of Longitude^ the Proportion is^ 

As TXifi. Lat. •• Departure : : Merid. Diff. Lat. -Diff. of Loi^ 
As 396.4 Min. •• 957 Min. : : 667 Min. •- 1610m. or a6d. 50iil. 

Or thus ; the Extent (on the Meridional Line on the(^M^ 
from Lat. 5bd. lom. to Latitude 56d. 46m. meafured on the. Uw 
of equal Parts ; is 1 1 t4 the Merid Diif. of Lat. . \ 

Then fay, ..-J 

As396.4Min. ..957Min. :: 11 -.i-- 26d. som.theDiff.Loa. 

Then to find the Longitude the Ship is in, it's thus :. - • iV 

Longitude failed from lod. 16111.' mL*^ 

Difference of Longitude 1610 Min. or - - 26d. 501ft. V 

Longitude the Ship is in ...... 374.06111.'^ 

P 
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Prob. VIII. One Latitude^ Dtfiance Jailed j and Departwi from the 
Meridian given^ to find the Courje^ Difference of Latitude^ an J 
Differtnce of Longitude, ' . 

Example. A Ship in Latitude 4od. jom* North, arid Lon-» 
gitude i4d. 40m. Weft, fails South £aftward 645 Minutes, 
until the Departure from the Meridian be 500 Minutes • 1 de- 
mand the Courfc fteered, the Latitude and Longitude the Ship 
IS in r 

1. TheCourfe is S. 5od. 50m. £> by SE. J^E. 7, f^t 

2. The DifF. Lat. 407 Min. or 6 Deg. 47 Min. $ ^^ ^^* 3* 
Se<aion 3, Problem 5, of Plane-SaiUng^ in Page 61 and 62. Then 
the Latitude the Ship is in, and the Meridional Ditference of 
Latitude ii found thus ; l!i4in. 

Latitude failed from - 49d. 30m. N, Merid. Parts 3428 
Diff* Lat,407 Min. or - 6d. 47m. S. 

Latitude the Ship is in - 42d. 43m. N. Merid» Parts 2840 

Meridional Difierence of' Latitude 588 

3. To find the Difference of Longitude, the Proportion is;; 
As Diffl Lat. - Depart. : : Merid. 0ifF» Lati •• DjifF. of Long. 
As 407 Min. •• 500m. : : 588 Min. •• 722.4 Min. or I2d. 02m. 

Or thus \ The Extent (on the Meridional Line on the Gunter) 
from Latitude 49d. 30m. to Latitude 42d.'43m. (meafured on 
equal Parts) is gd. i|, the Meridional Difference of Latitude; 
Then fay. 

As 407m. *• 500m. :: gd. 7I •• I2d. 2ra. the DifF. Long. 

Th^n, to find the Longitude the Ship is in, *tis thus ; 

Longitude failed from -,-.-- - - - I4d. 40m. Weft. 

DifivLongit. 72^.4 Minutes, or - - - r2d. 02m. Eaft. 

Ziongitude the Ship is in - - r -• - 2d. 38m. Weft. 

Problem IX. One Latitude^ Courfe^ and Difference of Longitude 
Jgiven^ to find the Dijiancey and Difference of Latitude. 

Example. A Ship fails SW. by W. from the Lizard^ until (he 
be in Longitude 57d. 26m. W. I demand the Latitude the Ship 
is in,' and her Dlftance failed? 

Longitude failed from ------ 5d. 14m. Weft. 

Longitude the Ship is in - - - - - 57d. 26m . Weft. 

Subtra<a, and the Remainder v^fjbmXH^ff-' <2d. i^m. Weft, 
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X. For the Mer. Difference of Latitude, the Proportion may 
be thus ; 

As T. Courfe- Radius : : Differ. Long. -"Mer. Diff. of L«t« 
As T. < Pts. •• T.4Pts. : : 3132 Minutes •• 2093 Minutes. 
Lat. failed from ^qd* 57m. its Merid. Parts 3470 fubtrad 

giveth the Mer. Pts. for the Lat. the Ship is in 1377 which fcek 
in the Table of Meridional Parts ; and againft it you wUl find 
22d. 22nl. the Latitude the Ship is in North. ' 

Or thus, on the Gunter ; uke the Meridronal Difference of 
Latitude, being 2093 Minutes, or 34d. 53m. from the Line of 
equal Parts, and tet it from the Latitude departed from, viz. ^qd. 
57m. on the Meridional Line decreafing (becaufe 'tis North La^ 
titude, and failing Southerly) and it reacheth (in the fame Line) 
to 22dk 2om. the Latitude the Ship is in, very near to the Lati- 
tude found above by the Table of Meridional Parts, differing 
from it but 2 Minutes. 

Then having both Latitudes known, the Difference of Lati- 
tude is found (by fubtraAing the lefs from the greater) to be 
27d. 3cm. or 1655 Minutes, or 551 | Leagues. 

2. Find the Diftance failed by Chapter 3. Sedion 3. Problem 
or Cafe 2. of Plane'Sailingy in rage 60. 

Problem X. Two Places in one Parallel^ of Latitude^ their Dijir^ 
ence of Longitude given ; to find their Dijlanee^ 

Example, I demand the Diftance between the Lizard and 
Pengwin IJland on Uewfoundland? 

Pengwin IJland ?t^„ .. :.5 S2d. 50m. Weft. 

Lizard \ ^<^"g^^- *» { 5d. ,4m. W«ft. 

Subtra6), and Remainder is Diff. Lone. - 47d. 3601. Wift. 

Or, 60 ,, 

Difference of Long. 2856 Minutes. 
Thefe Places are both (fuppofed to lie) in Latitude 6od. oom. 
North, whofe Complement is 4od. com. 

To delineate this Problem by the Plane-Scale. " ■ 

1. Draw a dotted Arc as BC, with the Sine of 90 tk^rttt, 
one Foot being on the Center A* ^.*y.\'- 

2. Lay the Difference of Longitude in a Chord Line, from 
B to C, draw AB, and AC. 

3. With 
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3. With the Sine Com-r 
pleme^t of the Latitude an4 
one Foot in A, draw the 
Arc D£; that is, take th|^ 
Complement of the Lati- 
tude from the Line of Sines^ 
and with one Foot on A, 
draw the dotted Arc D E, 
to cut A B in D, and AC ix) 

4. Draw a Line from D 
tp E^ and 'tis done; for the 
Chord D £ being meafured on 
the fame Scale B C was taken 
from, will ihew thp Dift^nce 
required, 
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The Explanation cf the Scbemi. 




The Point 




The Arc 




S BC 
I DE 

fADB 
BC 
DE 




rNorth Pole of the Earth. 
Lizard C in the Latitude of 

Pengwin Ifle\ 5od. com. 
Equator, 
Parallel of 5od. N. Latitude. 

Ayr -J* ^ ^cS The Lizard. 
Meridian oil p^„^' jn^j 
i ir€ngwtn ijiana* 

Diff. Long, between the 2 Places, 

^Dift.betweeii them in thatParalleh 



Then to find their Diftapce ; the Proportion, by the 4th Pro-r 
pofition of the fixth Sook of Euclid^ is. 

As AB, is t(f BC \ fo is AD, to DE. And alternately. 
As AB, is to AD ; fo is BC, to DE. That is. 

As Radius, is to the Sine Complemeot of the Latitude ; fo \% 
the Difference of Longitude, to their Diftance in that P$iralUlof 
{^atitude« In fliort thus ; 

As Radius •• S. c; Latitude : : DiflT. Long. ^ Diftance. 
^^ S. 9Qd« •• S. 4od. oem. : : 2856 Min. «i 18361 MiQa 



(53 



& 



'i-'- 



Or^thus: By the Plow SaU. 

Take the Latitude of 5od. oom, from th>5 Scale tf Chbr^i^t,: 
and meafure it from 60 on the Scale 6f Miles of Lollg^tttqe, 
marked (ML) and it fheweth Minutes 28.6 Tentbr vlOkes ai: 
Degree of Longitude in that Latitude. Th^n fiiy. 

As I Dcg...- Min. 38.6 : : Diff.Long, 47d. tI - i8j6'Miiiute«, 
the Diftance as before. 

Problem XI. Two Places in one Latittuky their Bijlanci ghiM j It 

fnd their Difference of Longitude* 

Example. If a Ship fails Weft 390 Minutes from the tAtdri\ * 
What Longitude is me in ? 

To delineate this Problem by the Plant Scale^ 

• 

I.. Take 00 Degrees from the Line of Sines, and with ooor 
Foot on A, draw the dotted Arc BC. 

2. From the Line of Sines, take the Complement of the given 
Latitude, and fetting one Foot on A, draw a dotted Arc as 
DE, 

3* Then from any Scale of equal Parts, take the DiSaoctt 
(faiPd) and with that Diftance draw tAe Chord DE. 

4. From A draw Lines through D and £, to cut the Arc VZ^ 
in B, aiid in C. • 

5. Then draw a Line from B to C, and 'tis done; for SC 
bein^mekfured on the fame Scale DE was taken from} willfliev 
the JDifference of Longitude required. 

• The Proportion (by the 4th Propofition of the 6th Booktif^ 
Euclid) for the Difference of Longitude, is. 
As S. c. Latitude •• Radius : : Diftance •• Difference of L0ii|n^ 
As S. 4od. 03m, •• S. god. : : 390 min. •• 6o6.im. or tod* oobii}, 
,. Ortl^us; By the Plane Scale. * 

The interval between the Latitudes 49d. 30m. and 56d«3EM«- 
taken (from the Chords) and meafured on die Scale o?ly£ilc^«f\^' 
Longitude, fheweth the Minutes 38.6 Tenths make ^^^^^^B^SSi^ 
Longitude in that Latitude ; Then fay, \3iJti 

As Min. 38.6 Tenths •• id, : : 390 miA. •• lod, xjor lod^ OOnS^'ti! 
Diff. Long, the fame as before. - : •A j^ 

Longitude of the Ziztfri « . ^ . . 05d. i^^ iNPUttiM 
Diff. of Longitude 606 tS Min. or - - lod. o6m, W 

Add, gives the Longitude the Ship is in - icd. 20in. Vf 

P 
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Problem XII. Two Placis in one Parallel ofLatitudi^ thnr Di^ 
Jlanciy and D\ffirenci of Lvngituii pviUy to find tht Parattit of 
Lalitude. 

Example, Suppofe two Ships upon the Equator '2842 Minutes 
afunder, and they both fail North equal Diftances, till there are 
but 1833 Minutes afunder : I demand what Latitude they aro 
now in ? 

To delineate this Problem ^ the Plane- Scale. 

1. Draw a right Line BC, 
which make equal to the 
Difference of Longitude. 

2. In BC take BE, equal 
to the Diftance of the Ships 
in the Parallel. 

3. Upon BC Twith the 
Sine of qod.) delctibe the 
Ifpfceles Triangle CAB. 

4. Draw EH and HD, *re- 
fpe6livcly parallel to AB and 
BC) then (hall AD meafured 
upon the Line of Sines (hew 
the Complement of the Lati- 
tude required. 

To find the Latitude (by the aforefaid Propofitfon of Euclid) 
the Proportion is thus -, 

As Diff. Long. •» Diftance : : Radius •• S. c. Latit. required. 
As 2842 Min. •• 1833 Min. : : S. god. •• S. 4od. lom. 
Which fubtradled from - . * - - god. com. 

The Remainder is the Parallel of Latitude 49d, 50m. North, 

Or thus J by the Plane Scale. 

As 2842 Min, •• 1833 Min. : : 60 Min. •• Min. 38.7 Tenths, 
making one Degree ojf Longitude in the Latitude required. 

Then from the Scale of Miles of Longritude j[fflarkM ML) 
take Min. 38,7 Tenths, meafure it on the Scale ot GboH*- 
it iheweth the Latitude to be ^qd. ^om. ^ before^ 
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Sefiion IV. freUtms af Sailmg ij the MJdk Lt^tiA i \r a 
PrtfartUm drawn from tht MitWe Latitrntb^ tum-fy ^nim mtb 

Mcrcator's Sailing. 

T N diefe Probltma, there is noU^emadeoftheTd>leorMm- 
'^ dioiial Pam, and all it's Proportions may l>e wrought both hj 
the Logarichmi, and Gwittr't aealt. ' 

FroUem I. Tbt Latitude and Lanj^tude ^ tvn- Ptqttt livtn ; t»^ 
find titir Caurfe and J}iftatui. 

Btampk. What is die Courfe and Diftance from the Lizard 
to the Ifland Barbadett f 



W. 



DilFerFnce Latit. 36 59S, SumisQi 55 piff'.lx)fig.53 36 W. 
60 Mid. Lat. 31 Q,y 60 

Minutes 2219 fubt. it from go Cp «t 3216 yi\a. 

Comp. Mid. Lat. 58 33 

. Todclineate this Problem by the Plane-Scale. Pl<i'c-\- Fig. 6. 

i. Malce AD upon the Meridian equal to the Difference of 
Latitude. 

1. Draw the dotted Arc IK, with the Sine of ^q Degrees {one 
Foot being on A) to cut the Meridian AD in I. 

3. With the Sine Compleixient of the Middle Latitude, and 
one Foot on A, draw the dotted Arc GH, to cut the Meri< 
dian in G. 

4. On the laft Arc, lay half the Difference of Latitude, from 
GtoH. 

5. By A and H, draw a Line, to cut the firft Arc (made with 
the Sine of god.) in K. 

6. Lay lit twice on the Meridian, from A to B. 

LOh B crefl a Perpendicular, and thereon lay the Difference 
ngitiide, from B to C. 
8. Draw a Line from A to C ; and from D, drawl 
to Bd »^i to cut AC in £, and it's done. Piatt 3. 
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Then is the |^eg AD, the Difference of Latitude. 
The Leg BC, the Difference of Longitude* 
The Hypothenufe AE, the Diftance of the two Places. 
The Leg DE, the Departure, according to the Plane Chart. 
The Angle DAE, or BAC, the Angle of the Courfe or 
Bearing* 
The Angle AED, the Complement of the Courfe. 

!• To find the Courfe^ or Bioring^ the Proportipn is; 

As the Difference of Latitude, is to the Difference of Longi- 
tude ; fo is the Sine Complement of the Middle Latitude, to the 
Tangent of the Courfe, or more briefly thus : 

As Diff. Lat. .. Diff. Long. : : S. c. Mid. Lat. •• T. Courfe. 

As 2219 min. •• 3216 min. : : S. fSd. 33m. -T. 5id. 02m. 

By Gunter. The Extent from 2219 Minutes to 3216 Minutes 
qn the Line o/Nun^ersy being laid (increafmg) from Sine ^U^ 
33m. reacheth beyond the Sine of 90a. wherefore lay that Extent 
firom the Sine of 90 Degrees towards the Left-hand, and ftaj^ 
one Foot there, then bring in the other Foot to the Sine Comple- 
ment of the Middle Latitude 58d. 33ni. this laft Extent of the 
Compaffes, lay from Tangent 45 Degrees, and it fhewedi on 
Tangents 5 id. 02m. the (Jourfe South Wefterly, or SW. half 
W. which is the Courfe from the Lizard to the Ifland JB^- 
hadoes. 

Or thus ; by two Propoiitions to ffn4 the Courfe. 

Firff, As the Radius, is to the Sine Complement of the Mtd« 
die Latitude ; fo is the Difference of Longitude, to the Depar-- 
ture from the Meridian, or Meridional Diftance. 

More briefly thus; 

As Radius •• S. c. Middle Lat. : : Diff. Long. •• Departure. 
AsS. 9od. --S. 58d. 33 Min. : : 32x6 Min. ••2744 Min. 

Secondly, A^ the Difference of Latitude, is to the Departure 
from the Meridian j fo is the Radius, to the Tangent of the 
Courfe. 

Or more briefly thus ; 

As Diff. Lat. •• Departure : : Radius --T. Courfe. 

As 2219 min. ••2744 min. :: T. 45d. -^T. 5id.02m. asbefoce. 

2. To find the Diftance, the PropcMtion it« 
As S. c. Courfe •• Diff. Lat. : : Radius •• Diftaa^ 
As 6. ^Sd. 58m. •• 2219 znin. : : S. 9od. •• 1 



ra^ S^m^g h NBdiUe LaHfmk.- ChV IV. 

. Problem 11. Both Latitudes and C&urfe givin ; t$findthi Difiamf 

and Dijferinci of Hongitudi. 

E'xainple, Suppofe 9 Ship fails from the Uzard^ ami makesi 
' (iivhen the Variation Lee-way, bfc, allowed for) her Courfc South 

fqd. Weft, or SW. by S. | W, and then by Obfervation, is in 
•atitude ^gd. 31m. North ; what's her Diftance run» and Lon- 
ittude (he is in ? 
A^^ A \ Latitude { +9d. 57™- Nor* , 49 5^ 

Obfervcd J €45^- S^ni' North - - - - 45 31 

Difference of Latitude - 4d. 26m. Sum both Latitude - 95 28 

60 The half is Mid. Lat. 47 44 
Or, Miniites 266 which fubtra£M from 90 00 

l%o Renhiinder is Compl. of the Middle Latitude — 42 i& 

y To delineate this, or any of the following Problems, by the 
Plane Scale, the Inftru£tions in the foregoing are fufEcient to 
jflJbrm the diligent Learner. 

' 1. The Diftancc is 342,3 Minutes, by Chapter 4, Sedion 3^ 
Problem 3, of Mercator's Sailing, in Page 95. 

2. To find the Difference of Longitude; the Proportion is, 
As the Sine Complement of the Middle Latitude, is to the* 
Tangent of the Courfe, fo is the Difference of Latitude, to the 
Difierence of Longitude, Or thus ; 

As S. c, Mid, Lat. .. T. Courfe : : Diff. Lat. •• Diff. of Long, 
As S. 42d. i6m. -T. 39d. :: 266 Min. .. 320.3 Min. 

To work this, or any fuch like Proportion by Guntcr's Scale,^ 
the General Rule of extending from the Firft Penli to the Se- 
cond, fcff. will nbt ferve, tilfthe Firft and Second Terms am 
reduced to one Line, or Scale, and that by this Rule following^ 

jf General Ruk to reduce the Second Term Tangent, to thi 

'Firjl Term Sine. 

Extend the Compaffes from Tangent 45d. to the Tangent of * 
the Second Term ; lay that Extent on the Line of Sines, from . 
Qod. (if the Second Term be lefs than 45d. but if more, from the 
Firft Term) towards the Left-hand \ and where the Footreftitb« 
I call the Second Term reduced to the Firft, and is to be counted - 
inftead of the Second Term \ as for Example. 



To work the aferefaid Proportion, to ftid dk« l$)ffi»0nctfpf 
Longitude*. 

I. The Extent from Tangent 45d. toTaiieent 3^. Ial<A^ 
Sine 9od. reac&etb to 541!. c^ni. d^e Second Tmti rrauced totiie 
Firft Term. 

a. The Extent from 45d. 05m. (the Second Term^ re^hiced) 
to Sine 42d. i6m. the Firil Term In the Prc^rtion ; laid on the 
Line of Numbers from 266 Minutes, the Third Tcrm^ will teadf 
to 320.3 Minutes, the Fourth Term, th^ Difierehce of LMglU- 
tude required. . '•- 

Or thus ; By two Operations to find die Dlfffertncfe of Lbtt^ 
gitude. . ' * 

Firft; As the Sine Complement of the Courfe, ii^ to th« DilF^: 
ference of Latitude : So is the Sine of the Courfe, to the De^Ar^ 
ture from the Meridian, or Meridian Diftance, Or thus \ ' ■ 

As S. c. Courfe •• DifF. Lat. : : S. Courfe •• Departure. 

As S. 51 deg. •• 266 min. : : S. 39 d^. •• 215.4 min« ' 

Secondly, As the Sine Complement of the middle Latitude, 
is to Radius ; fo is the Departure from the Meridian, to the 
Difference of Longitude, priefiy thus | 

As S. c. Middle Lat. •» Radius : : Departure •• Dift*. Long. 

As S. 42d. i6m. •» S. 9od. : : 215.4 min. - 320.3 as before. 

Then to find to Longitude the Ship is in, 'tis thus. 

Lizard Longitude is------- o5d. 14m. Weft. 

Diff. Longitude 320.3 Minutes, or * • 05d. 12m. Weft. 

Longitude the Ship is in ----- - lod. 44m. Weft. 

Problem IIL Both Latitudes^ and Diftance given \ to find thi 

Courfi and Difference of Longitude. 

• 

Exan^le. If a Ship runneth 300 Minutes North Wefterfy, 
from a Port in 27 deg. North Latitude, and Longitude lod. 25*1. 
W. until {he be in Lat. 41 deg. North : What is her Courfe 
and Longitude fhe is in ? 

Sailed from 7 Latitude 5 37d. North 37j- 

Ship is in J *-'«»»-*»-"*»^ f 4id. North ----- 4^!, 

Difierence of Latitude - 4d. N. Sum of both Latit* "788! 

60 Middle Latit. 39d. 



Or, Miiiutes 240 Subtrad from Qod. 

Complement of the Middle Latitude 5id, 

I. Tbt 
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I, The Courfe is North 36 dcg. 52 mio. Weft, or NW. iy 
N. i Weft nearcft ; found by Ch^ter 4, Se^on 3, Problem 4> 
of jidercatw's Sailing, in Page 96. 

. a. To AikI the Dificr. of Longjt. the PnuortioR u Umu j 

"AsS. c. Mid. Lat.-T. Courft :: Diff. Ltt."I>tff. Long. 

( At S. 5ld. 30m. •- T^6d. 5am. : : 24b min. --ajl. 6 min. 

. &y Gunt^'s Scak. Tike Extent from Tangent 458. » Ttn- 
oent 36d, 5201. trill reach from Sine ood. to Sine48d. 30m, the 
gj^cond Term reduced to the Firll ; Then the Extent fnm thit 
lift (Sine 48d. 3001.) to the Sine 5id. (the firilTmn is the 
tbpyQfaid Proportion] will reach on die Line of Numbers from 
die Difference of Latitude 240 Minutes, to 231.6 MinuKt, or 
yi, 52m. the Diffiirence of Longitude. 

, ,Pr thus ; Tiy two Proportions (after the Courfe ii found, u 
before) to find the Difiennce of Longiti^de, fay, 

I. As the Radius, is to the Qiftance faileid ; fo is the Sine of 
the Courfe to the Departure from the Meridian. 

Which briefly is thus ; 

As Radius " Diftance : : S. Courfe -Departure. 

AsS.Qod' ■- joomin. ;: 36d. 52m. ■• 180 Minutes. 

1 As the Sine Complement of Middle Latitude, is tQRadii)3{ 
fo is the Departure from the Meridian, to the Difierence of L<M|r 
gitude. Briefly is thus } 

As S- c. Mid. Lat." Radius :: Departure - Diff. Ifpn|. . 

As S. 51 Degrees "S. 9od. ;: 180 Min. ■• 231.6 Min. 

Or it may be found by this Proportion, when ttfe DiftflMt t* - 



given, 

S, c. Mi 



;. Mid. Lat.- Diftance : : S. Courfe .. Diff. Longit. 
8. 51 Degrees •• 300 Min. : : S. 36d. 5Zm. •• 231.6m. as tbove. 

Then to find the Longitude the Shi[i; is in, 'tis thus ; 
, Longitude the Ship failed from - - - lod, Z5m. Weft, 
. pifF. Longitude 231.6 Minutes, or - - 3d. 52m. Weft, 

Longitude the Ship is in - - - - - I4d. i;m. Weft. 

Problem IV. Both Latitudts, and Departure frtm the MeriSam 
given; ta find the Ciiurjt^ Diftance^ ^"4 Differexet tf Lati- 
tude, 

BxampU. A Ship in Latitude 49d. 57m. North, and Lop"-- 
tude jd. 24m. Weft j fails South Wcfterly, 'till die Depar. 
be. yitg Minutes, and Ibe be in Lat. 300. 20m. North ; I oi 
land the Courf^ Diftance, and Longitude the' Ship ii in ? 

La 
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Latitude Hjul'd from 49d. 57m, NoiJ - - - ^ 
I Ship IS in 39d. 20m. North - - - 3Qd. 



S7m- 
20m. 



Difference of Latitude lod. 37m. Sum of both Lat. Sgd. 17111. 

60 - ' ■ 



Or Minutes - - 637 The i is Mid. Lat. 44d. 38m. 

Which fubtra<Sl from god. oom^ 

The Remainder is Cojnp. of the Middle Latitude - 45d. 22m, 

1. The Courfe is S. 5id. 05m. W. J by Chapter 4. Seflion 

2. Diftance 1 014 Minutes. J 3. Problem 5 of Mcr-» 
cator's Sailing, in Page 96. 

3. To find the Difference of Longitude, the Proportion is ; 
As S. c. Mid. Lat. '-T. Courfe : : Diff. Lat. •• Diff. Long. 
As S. 45d. 22m. '-T. ^id. osm. :: 637 min. •• 1109 Min. 

For the Extent from l^angent 45d. to the Tangent ^id. 05m. 
laid (on the Line of Sines) from 45d. 22m. reacheth to Sine 
§5d. lom. the Second Term reduced to the Firft : 'fheii the 
Extent from this laft (Sine 35d. lom.) to S. god. (inftead of 
Sine 45d. 22m. the Firft Term in the above Proportion, always 
when the Courfe is more then 45d. and that) laid on the Line 
of Numbers, from Dift. Lat. 637 Minutes will reach to 1109 
Minutes, the Difference of Longitude required. 

Or thus ; the Difference of Longitude may be found without 
finding the Courfe, faying ; 

As the Sine Complement of the Middle Latitude, is to the 
Radius i fo is the Departure from the Meridian, to the Differ-* 
ence of Longitude. That* is. 

As. S. c. Mid. Lat. •• Radius : : Departure •• Differ. Longit. 
As 8. 45d. 22m. -S. god. :: 789 Min. •• 1109m. as before. 

Then the Longitude the Ship is in, may be. found, as in 
Problem 5. of Mercator's Sailing, in Page 96, that being the 
fame Queftion wjth this. 

And in like manner all the remaining Queftions in Mercator, 
may be wrought by the Sine Complement of the Middle Lati- 
tude, which I leave to the Learner's Praftice : And thus much 
may fuffice for the Second Kind of Sailing, or fecond Part of 
Navigation, and the Application of Plane Trigonometry j 
Sphtric Trigonometry is next. 

CHAP. 
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Cti^pter V. Qmmmng the D^arim of SpbiHf Tfi^vgUs^ 
"RBBMgular^ and OJUjuey both Gtometricy Logarithmic j 
and InfirumentaU 

BEFORE I enter on Spheric Trigonometry,' as to the fram- 
ing and working of Proportions dierein, it will be necefTary 
you Ihottld underftand how to make a Spheric Triangle," and to 
mqkfure any of its Parts : In order thereunto I have contrived 
^rf^ilpwingPrQblems, which I call Spheric Geometry. 

SeSlion L Spheric Geometry explaimd by Definitions and 

Problems, 



Definition i. OPherie Geometry^ is that by which the Circles of 
^ the .Sphere ^re defcribed, drawn, or projedledxm 
a Plane, or flat Superficies. 

2. A Sphere or Globe, is a round Bpdy, made by the moving 
gf a Semi-Circle about its own Diameter, till the Motion end 
where it began. 

3. The Projeftion of the Sphere, is either Orthogrsyjhic, Ste- 
reographic, or Gnomonic. 

4. Orthographic is the drawing the Superficies of the Sphere 
on a Plane, which cutteth the Sphere in the middle, with rel^>ed 
to the Eye bein^ placed perpendicular to it, and at an infUUte 
Diftance thercirom : This Projeftion maketh Ufe only of th^ 
Lines of Chords, and Sines, ' . • 

5. Stereoeraphic, flieweth how to defcribe the Sphere's 
ftcies on a Plane, which cutteth it in the middle, with rpl 
the Eye being pUced in the Sphere's Superficies, pcrp^ 
to the Center of the faid Plane. 

6. Gnomonic Proje£Hon of the Sphere, is drawing the ^ 
ficies on a Plane touching it, with refpefl to the Eye neingjt 
on the Sphere's Center. - -^ 

Thefe two laft require the ufe of the Lines of ChordtinNll^ 
gc^tBy and Secants. -.: ^p,\ 

. 7. All Circles of the Sphere, are either Great Ctrctes^^Midft 
out the Sphere into two equal Parts ^ or leflfer Ciocte^ Ji^i^ 
iividc it into two unequal Parts. ; .^ v : t-. 
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8. The Plane on which the Sphere is projefte3, is that Circle 
which bounds, or limits the Pro] edion, and is reprefented bvAhe 
Circle ABCDEBA. Plate 3. Fig. 7. 

9. A Great CircUy is either the Primitive Circle, a Right Cii>- 
cle, or an Oblique Circle, 

Thefe Circles confidered feverally, or jointly, afford .divets 
Problems, which arc thefubjedl Matter of Spheric Gecmetry^ and 
are fuch as follow. 

Problem L TofnJ the Pole of any Great Cirdt, 

Definition I. A Great Circle^ is either the Primitive Circl% 
as BCDEB ; or a Right Circle, as the Diameter BAD j or *ah 
Oblique Circle, as Arc BFD. Plate 3. Fig. 7. • , " _. 

2. The Pole of a Great Circle^ is a Point every Way 90 De- 
grees diftant from it : And 

Note I. The Pole of a Great Circle is cither upon the Primi- 
tive Circle, or within it. 

2. When the Pole is within, 'tis either at the Primitive Cir^ 
cle's Center, or not. 

In this Problem are three Cafes. 



t « 



Problem I. Cafe i. The Pole of the Primitive Circle is required. 

Example. BCDE the Primitive Circle given j to find the Pole 
thereof is required. Plate 2. Fig, 7. 

The Rule. Find A, the Center of the Primitive Circle BCDE, 
which Center A is the Pole required. 

Prpblem 1. Cafe :?. TX^ Pole of a Right Circle is require J. 

Definition. A Ri^ht Circle pafleth through the Center of the 
Primitive Circle, and in the Projeftion as aDiamctcr ; as BACU 

Note^ A Right Circle hath its Pole on the Primitive Circle. 

Example, The Pole of the Right Circle BAD, is required. 
Plate 2^ Fig. 7. 

The Rule. From the Chords lay oo Degrees on the Primitive 
Circle from B orD, both ways to C andE j I fay, C, and E, 
are the Poles of the Right Circle BAD. 

Problem I. Cafe 3. The Pole of the Oblique Circle is required. 

Definition. An Oblique Circle paflTetb not through the Centet 
©f the Primitive Circle, and in the Projeftion is reprefented 
by an Arc j As BFD. Phti $. Fig. 7. 
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Nott I. The Poles of an Oblique Cifcle, are in a Diameter 
which pafleth through its Center. 

2. One of the Poles of an Oblique Circle, lieth between the 
Centers of the Primitive, and Oblique Circle. 

3, Ever^ Great Circle, whether Right, or Oblique, cutteth 
the Primitive diametrically oppofite. 

Example* 

BCDE the Primitive ) r- 1 j S A 1 - ^ ^^ . 

BFD the Oblique ( ^'''^''^ ""M y j '"^ ^'"''' ^vcn. 
The Pole of the Obltque Circle BFD is required. Plate 3. Fig. 7. 

The Rule. i. Through A and y, draw a Diameter to cut the 
Primitive Circle in C and £, and the Oblique Circle in F. 

2. Lay a Scale on B and F, to cut the Primitive Circle in g; 
which is called Reducing F, to the Primitive Circle. 

3. Take 90 Degrees (from the Scale of Chords) and lay it on 
the Primitive Circle, from g both ways to h. 

4* Reduce h to the Diameter CAE, by laying a Scale on B 
and.h, to cut the Diameter CAE, both within the Primitive 
Circle, and without, either of which Points, I is the Pole of the 
Oblique Circle BFD. 

Problem 11. To defcribe a spheric Angle. 

Definition. A Spheric Angle ^ is made by the Interfe£lion of two 
Great Circles; the Intcrfeftion being the Angular Point. 
Notey In this Problem are two Cafes. 

Problem II. Cafe 1. To make an Angle ^ that the Angular Point 
may he at the Center of the Primitive Circle. 

The Rule. Such an Angle is made (in all Refpe£ts) like a 
Plane Angle. 

Example. An Angle B A C equal 4cd. 30m. (whofe Angulair 
Point A may be the Center of the Primitive Circle) is required 
to be made. Plate 3. Fig. 8. 

1. With a Chord of 60 Degrees (on the Center A) defcribe 
the Primitive Circle, BCDE, - ' 

2. On the Primitive Circle, and from the fame Chords, make 
BC equal to4od. 30m. 

3* From B and C, draw two Right Circles, or Diametm, 
thro' A, which will include the Angle BAC required to be made. 

Problem II. Cafe 2. To make an Angle ^ thatthe Angular PoU^fatg 

he at the Primitive Circle. ' 

ne Rule. Such an Ai^le is made by drawing an Oblique 
Circle, with the Secant ofthe given Angle. 

Example 
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Example.' Jn Angle EBF equal to 34d, 30m; (whafe Angular 
Point B m9y be at the Primitive Circle) is required to be made?" 
Plate r Fig. 7.. 

1. Dcfcnbc the Primitive Circle BCDE, as before direfted. 
.2. Lay a Scale on A (the Primitive Circle's Center) and cut 

the Primitive Circle in B and D. 

3. With the Secant of the given Angle 34d. 30m. and one , 
Foot in B, defcribe an Arc y. 

4. With the fame, and one Foot on D, crofs the former Arc 
iny; the Center ofthe Oblique Circle BFD, which will include 
the Angle EBF eqal to EDF, required to be made. 

Note y When the given Angle is Obtufe, take its Supplement 
to 180 Decrees, and with the Remainder make the Angle as 
above directed, . and 'tis done* 

Prob. III. To draw a great Circle through any given Point f 9 that 
it Jhdllmake at the Primitive Circle any given Angle: 

Tthe. Rule* I . With the Tangent of the given Angle, and one 
Fodtort the Center of rtc Primitive Circle, make an Arc. 

i:" With the Secant of' the fame, and: one Foot in the given 
Point, cut the formpr Arc, which Point of Inter feftion, is the 
Cettttf cf the Circle required to be drawn. 

* Example. Plate 2- Pig- 7'-' 
BCDE the Primitive Circle -i 
A the C«nter thereof - - I given ; 
'F the Point - - . - -J 
Through F, to draw an Oblique Circled, that it may make an 
Angle at the Primitive Circle, equal to 34d. 30m. is required ? 
Note ; The given Point muft be fo far from the Center of the 
Primitive Circle, that the Tangent from the Center, and the Se* 
cant (of the fame) from the given Point may interfect, or cut 
each other ; othcrwife 'tis impoflible. 

■ I. With the Tangent of 34d. 30m. and one Foot in A, make 
an Arc y. 

2. Then with the Secant of the fame, and one Foot in F, cut 
flie Arc y, in the Center of the Oblique Circle BFD, required 
to be drawn ; and if B and D are diametrically oppofite, 'tia 
done true, otherwife not. 

Problem IV. To draw a Great Circle, through any two Points 
given I either both within the Primitive Circle, or one within^ 
' and the other without. . ^ , 

The Rule. I. Draw a Line from the Primitive Circle's Cen- 
ter, through one (always the remoteft) of the two Points, to 
cut the Primitive Circle, and produce it at Pleafure. 

H 2. From 
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2. From the faid Point draw another Line to a Point in the 
Primitive Circle, that is 9od. Diftance from the (irft Line. 

3. On the laft Line, and at the Point in the Primitive Circle, 
exdBt a perpendicular, to cut the firft Line in the third Point. 

4. Through the two given Points, and this laft third Point, 
draw (by Chapter i. Seraon 2. Problem 7. of PraMcalGi^wu^ 
try^ in rage 15.) an Arc of a Circle, and 'tis done. 

Example. Plate 3. Fig. 9. 
BCDE the Primitive Circle \ 
A the Center thereof - -S given ; 
F and G the two Points - J . 
Through F and G 'tis required to draw a peat Circle? 

1. Through A and F, draw the Diameter BF AD, to cut the 
Primitive Circle in B and D, and continue it fiuther at Pleafure. 

2. Lay the Chord of ood. on the Primitive Circle from B; or 
from D, to C or E, and draw the Line FC or FE. 

3. At C ered CH perpendicular to CF, or at E ereSt EH per- 
pendicular to £F, to cut the Diameter BEAD ia H, the third 
Point. 

4. Through F, G, and H, draw a Circle IFGKH^ iriiicb 
will cut the Primitive Circle in I and K, diametrically oppd^^ 
and 'tis done. 

Problem V. To draw a great Circle perpendicular tOy §r m Rsgti 

Angles^ with a given Great Circle. 

A General Rule. Draw a Great Circle to pafs through the 
Poles of the given Great Circle, and 'tis perpendicular tpit» or 
it makes a Right Angle with it. 

Note^ In this Problem are four Cafes. 

•• . ■ 

Problem V. Cafe i. To draw a great Circle perpendicular t§Vk 

Primitive Circle. '■ • -'•'^' 

The Rule. This is done bv drawing a Diameter through the 
Center of the Primitive Circle ; for the Center of the Primiljfe 
Circle being its Pole, all Rieht Lines drawn through the Ccatpr^ 
reprefent perpendicular Circles to the primitive Circle. 

Example. Plate 3. Plate 7. 
BCDE the Primitive Circle, and A its Center given $ todcanr 
a ( reat Circle perpendicular to it, is required ? 

Through A draw the Right Circle BAD, and it is perpe^j** 
cular to the Primitive one BCDE, as was required. - . .\ 

Probleik 
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Problem V. Cafe 2. To draw a Right Circle perpeniicular to a 

given Right Circle. 

The Rule, This i^ done by drawing a Diameter at Right An- 
gles to the given Right Circle ; or auarterinj^ the Primitive Cir/- 
cle (by Chapter i. Settionz. Problem 8. ot Practical Geometry^ 
in Pagft I J.) with two Diameters. 

Example, Plate 3. Fig. y. 

To draw a Right Circle pcrperidicular to the Right Circle 
Bad, is required ? 

Draw the Diameter CAE perpendicular to BAD, or from the 
Chords lay 9od. on the Primitive Circle from B, or from D^ to 
C and £, which are its two Poles, and through C, A, and £, 
draw a Diameter, and 'tis done. 

Problem V. Cafe 3* To draw an Oblique Circle perpendicular to a 

given RJgk Circle^ 

The Rule. i. Find the two Poles of the given Right Circle, 
by Problem i. Cafe 2. of Spheric Geometry^ mPagc iii. 

2. Draw^an Oblique Circle through thole two roles, and it is 
done<i 

Example. Plate 3. Fig. 7* 
]pCDE the Primitive Circle 1 
A the Center thereof - -f given j 
BAD is a Right Circle - - J 
To draw an Oblique Circle, perpehdicular to the Right Cir- 
cle BAD, is reouired ? 

1. Take the Chord of god. and lay it from B, or D, both 
ways to C, and £, Which are the two roles of the Right Circle 
BAD. 

2. With arty Diftance, and one Foot 6n C, and E, draw 
Arcs, to cut each other in x, the Center of the Oblique Circle 
CGE, required to be drawn. 

NotCy If AG be known^ or limited to ^ certain Diftance, 
then it is done by drawing a Circle through the three Points C, 
G, andE. 

Or^ 2. If AG be my known Number of Degrees, then take 
the Secant of its Complement, and fetting one Foot on C, or E, 
the other will crofs the given Right Circle, in the Center of the 
Oblique Circle required to be drawn« 

H 2 ProWeifc 
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Problem V. Cafe 4; To draw an Oblique Cinkj pirpen£aditr U 

a given Oblique Circle. 

The Rule, i . Find the two Poles of the ^ivcn Oblique Circle, bjr 
Problem i. Cafe 3. of Spheric Geometry ^ m Pajges 1 1 1 and j 12. 

2. Through thofe Poles draw a Great Circle, which will cut 
the Oblique Circle at Right Angles, and the Primitive Circle 
diametrically oppofite, and 'tis done. 

Example. Plate 3. Fig, 10. 

BFDi'oMi;::""} Circle, and} ^ }i»C»,„rg™, 

To draw another Oblique Circle perpendicular to the Oblique 
Circle BFD, is required ? 

1. Find G, the Interior Pole of the given Oblique Circle 
'BFD, by Problem i. Cafe 3. of Spheric Geometry^ in Pages m 
.and.ii2> 

2. Through G, draw the Circle HIGK, to cut the Primitive 
in H ana K, and the Oblique Circle BFD in fome Point I, (fo 
that HAK is in a Diameter) and 'tis dohe, for then the Angle 
BIH is a right Angle, and the Oblique Circles BFID, and 
HIGK, are perpendicular to one another. 

Note; I. If the Point I (on the given Oblique Circle) is 
given ; then draw a Circle through I, ^nd the Interior Pole G, 
(by Problem 4. of Spheric Geometry^ in Page 113) and 'tis done. 

Or, 2. If it be required, that the faid Oblique Circle fhall 
make a certain Angle at the Primitive One, then draw a Circle 
through the faid Pole G, by Problem 3. of Spheric Geometryy in 
Page 113. 

Problem VL To lay any ^antity of Degrees on any Great CsrcU. 

In this Problem are three Cafes. 

> 

. Problem VI, Cafe i. To lay any Quantity of Degrees on the Pri* 

mitive Circle. 

The Rule. This is done by, or from the Scale of Chords. 

Example. Plate 3. Fig, 8. 
BCDE the Primitive Circle, and A its Center given ; 
To lay 4od. 30m. on the Primitive Circle from S is required ? 
From the Scale of Chords^ take 4od. 30m. and lay it on die 
Primitive Circle from B to C, and 'tis done. 

Problem VI. Cafe 2. To lay any ^antity of Degrees §n ,0 

Right Circle. 

The Rule. This isdone from the Scaleof Half-Tangents, count- 
• ing the Beginning thereof to be the Center of the Primitive Circle. 

Example 
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. . Example. Plate jr Fig.-Z. 

BCDE the Primitive Circle, and A its Center 1 . 
BAD is a Right Circle -•-•-. .Jg^ven; 

On the Right Circle BAD, from A, to lay 4od. 30m. or from 

B to lay 49d. 30m. is required ? \ 

From the Half-Tangents, take 4od. 30m. and lay it on the 

Right Circle, BAD from A to /, or 49d, 3cm. the contrary 

Way of the Half-Tangents, laid from B to /, and 'tis done : For 

A / and / B together are equal to 90 Degrees. 

Problem VL Cafe 3. 7q lay any Quantity of Degrees on an 

Oblique Circle. 

The Rule. i. Find the Poles of the given Oblique Circle, by 

Problem i. Cafe 3, of Spheric Geometry^ in Pages 1 1 1 and 112, 

2- Lay the given Quantity of Degrees on the Primitive Circle, 

by Cafe i. of this Problem. 

3. Reduce it from the Primitive Circle to the given Oblique 

Circle, by laying a Scale on either of its Poles, and 'tis done. 

Example. Plate 2. Fig. ii. 

BCDE the Primitive 1 r- 1 j t A ? .^ ^ ^ 

BIFD an Oblique .) Circle, and J ^ ^ its Center given; 

On the Oblique Circle BFD (from B) to lay 5 id. 30m. is 
' Inquired ? 

1. By A and y, draw the Diameter CAE, and find G the Pole 
pf the Oblique Circle, by Problem i. Cafe'3. in Page 112. 

2. From the Scale of C/^cr//j, take 5 id. 30m, and lay it on the 
Primitive Circle, from B to H. 

2. Lay a iScale on G and H, to cut the Oblique Circle, BFD 
in I, then isBI rqn the Oblique Circle) equal to 5 id. 30m. as 
yfKLS required, 

Problem VII, To meafure any Part of a Great Circle. 

In this Problem are three Cafes, which ar6 but the converfe of 
thofe in the laft Problem. 

Problem VII. Cafe i . To meafure any Part of the Primitive Circle. 
The Rule. Take the Part required to be meafured, and lay it 
pn the Scale of Chords, and it flieweth how much it is, 

Example. Plafe 3. Fig. 8. 

BCDE the Primitive Circle, and A its Center given ; 

To meafure BC, a Part of the Primitive Circle, is required ? 

Take the Extent BC in theCompafles, and lay it on the Chords, 

which will ^ew how many Degrees doth meafure BC 

JJ 3 Problem 



■^. 



i 1 8 Spbmc Gemetry^ ^lup. V« 

Problem Vllr Ctfe a. To mafun any Part of a lUght Cirdt^ 



The Ruli. I. If the Part to be me^fured lieth next the Center 
of the Primitive Circle, then it is meafured on the Scale of Half- 
Tangents, from the Brafs Center Pin at the beginning thereof. 

2. When the Part to be meafured lieth next to the Primitive 
Circle, then it is meafured on the Scale of Half-Tangents, from 
9od. counting 8od. to be lod. 70 to be 20, 60 to be 30, t^c. ' 

Example, Plate 2' Fig. 8, 

BCDE the Primitive Circle, and A its Center 7 • 

BAD a Right Circle - -' Jg^ven; 

To meafure Jl^ or B /, on the Right Circle BAD^ is requifed f 

1. Take Jly and lay it on the Scale of Half-Tangents, from 
the Brafs Center Pin (at the Beginning of it) which will fliew 
how many Deerefs it is : Or, 

2. Take B/, and lay it on the Scale qf Half-Tangents, from 
9od. backwards, counting Sod. to be 10, ?^pd 70 to be 20, f^c^ 
which will (h^w how many degrees B / is : A^^ln 

Notiy That J ly and £/, will make together juft 9od. they 
being Complements to each other, 

Prob. VII. Cafe 3. To meafure any Part of an Obliquo Ci^cU. 

The Rule. i. Find the Poles of the given Oblique Circle, by 
^Problem i. Cafe 3, oi Spheric Geometry^ in Pases iii and 112. 

2. Lay a Scale on either of the faid Poles, and the Part defired 
to be meafured, and reduce it to the Primitive Circle. 

3. Being thus reduced to the Primitive Circle, 'tis meafured 
pn the Scale of Chords, 9s before in Cafe i. of diis Probleau > 

Example. Plate '^^ Fig^ 11^ 

BCDE the Primitive?^. , jY A 7. ^ 

BIFD an Oblique ^Circle, and J ^ J its Center given; 

To meafure BI, and FI, on the Oblique Circle BIFD is required? 

4. Find G the Pole of the Oblique ircle.BIFD, by Prob-» 
km I. Cafe 3. oi Spheric Geometry^ in Pages jii and lyi. 

J. Lay a Scalp on G and I, to cut the.Primitive Circle in H, 

3- Tb«A 
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Then EH meaTured on the Scale of Chords is the Meafure 
and BH on the fame Scale of Chords is the Meafiire of BL 



Problem VIII. To meafurt any Spheric Angle. 

.In this ProUem are four Cafes ; and this 
jf General Rule, A Spheric Angle is meafured by the Arc of 
-a Great Circle, intercepted between the two containing Sides, 
the Angular Point being the Pole of that Circle : Or the Dif- 
tfance of the Poles of the containing Sides, as equal to the Mea- 
sure of the contained Angle. 

Prob, VIIL Cafe I .^ To meafure an Angle^ when its Angular Point 

is the Center of the Primitive Circle. 

The Rule. Such an Angle is meafured (like a Plane Angle) 
on the Prinvitive Circle, by a Scale of Chords* 

Example. Plate 3. Fig. S, 

BCDE the Primitive Circle, A its Center, and the Angular Point 
given J to meafure the Angle B AC is required ? 
Take BC, and meafure it oa the Scale of Chords, (hews the 
Angle B AC, how much it is. 

Prob. VIIL Cafe 2. To meafure an Angle^ when its Angular 

Point is at the Primitive Circle. 

The Rule. I. Find the Poles of the two containing Sides, by 
Problem i. of Spheric Geometry^ in Pages iii and ii;j. 

2. The Diftance of thefc Poles, is the Meafure of th^ requi* 
red Angle. 

Note I. When the two Poles are in one Diameter, or Right 
Circle, it is meafured on the Scale of Half-Tangents. 

2. When they are not in one Diameter, then reduce them to 
the Primitive Circle, by laying a Scale on the Angular Point, 
and the faid two Poles, which Diftance being meafured, on the 
Scale of Chords, is the Meafure of the required Angle. 

Example. Plate 3. Fig. 8, 
BCDE the Primitive 1 p. ^. ,„ , J A / .,^ p^„.^^ . 
BGFD an Oblique S^^"^^'^' ^'^^J y J ^^^ Center given. 

To meafure the Angle £DF, equal t^ the Angle EBF is required. 

1 . Through A and y, draw a Diameter to cut the Primitive 
Circle in H and I, and the Oblique Circle in G. 

2. In the Diameter lAH, find K, the Pole of the Oblique 
Circle BGFD. 

H 4 3- The 
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3; ThcDiftance AK, or GI, meafurcd on the Scile oF Half- 
Tangcnts, (the latter the contrary Way oathat Scale from.Qod.) 
flieweth how much the Angle E6F, or EBF is. 

Problem VIII. Cafe 3. To meafure an AngU when its Angular 
Point is not the Center of^ nor at the Primitive Circle. 

ne Rule is this; i. Find -the two Interior Poles of the two 
containing Sides, by Problem i. in Pages in and IJ2. 

2. Reduce thofe two Poles to the Primitive Circle, then mca? 
fare the Diftancc of them on a Scale of Chords, and 'tis done. 

Notej Reduce^ is to lay a Scale on the Angular Point (requir- 
ed to bemeafured) and the faid two Poles, to cut the Primitive 
Circle. 

Example. Plate 3. Fig, 8. 

BCDE the Primitive 1 T A ]/^jC>«/^r - -7 

BGID an Oblique f Circle , and ^ y j " "f given. 

CAFE a Right 3 C cuts the Oblique in F. 3 

To meafure the Angle DFJ), or BFE is required? 

1. Through A and y, draw the Diameter I AH, and in it find 
K the Interior Pole of the Oblique Circle BGFD, as before in 
the laft Cafe. 

2. Find L the Pole of the Right Circle CAFE, by Problem 
I. Cafe 2. o^ Spheric Geometry ^ in Page in. 

3. Reduce K to the Primitive Circle (by laying a Scale on F 
and K, to cut the Primitive Circle) and 'tis M; then L M 
meafured on the Chords, fteweth how much the Angle DFE,'or 
BFE, is; one Acute, and the other Obt^fe, being the Supple- 
ment of the former. 

Problem VIII. Cafe 4. To meafure an Angle when the cantainmfL 

Sides are both Oblique Circles. 
Example, Plate 3. Fig. 12. 
BCDE the Primitive 1 f^l 

CHFE an Oblique (Circle^ andi y ( its Center gi^m i 
BGFD an Oblique 3 I x -> 

To meafure the Angle DFE, or BFE is required? 

1. By A and y; and A and x, draw two Diameters 5 in tbiem 
find I and K, the two Interior Poles of the containing Sides, ^ 
Problem i. Cafe 3. of Spheric Geometry^ in Pages 11 1 and^ii. 

2. Reduce thofe two Poles I and K, (by laying a Scale on the 
Angular Point F, and them) to cut the Primitive Circle in Ljtifd 
M; which beiaig meafured on the Chords, iheweth how.cDVch 
the Angle DFE, or BFE, is; one Acute, the other. Ohtufe*: " 

Problem 
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Problem IX. . Tojraw a. Parallel Cirxh. 

Definition. A lefTer Circle of the Sphere, cutteth it into two 
unequal Parts, and when parallel to a given Great Circle^ is 
called a Parallel Circle; 

In this Problem are three Cafes. • 

Problem IX. Cafe i. To draw a Circle parallel to the Primftivi 
Circle J at any given Dijlance from it^ or from its Pole. 

The Rule. With the Half-Tangent of its Diftance from the 
Pole, and one Foot on the Center of -the Primitive Circle, draw 
^Circle, and it is done. 

Example. Plate 3. - Fig. 7. 

BCDE the Primitive Circle, A its Center given ; to 4raw ,a 
Circle parallel to BCDE, at 3od. Diftance from it is required i 

With the Half-Tangent of 6od. (the Complement of jodi, 
f^id) its Diftance from the Pole of the Primitive Circle, fet one 
Foot in A (the Center, and pole of the Primitive Circle) and de* 
fcribe the Circle t m n 0, which is parallel as required. 

Problem IX, Cafe 2. To draw a Circle parallel to a Right Circle. 

The Rule, i. From the Chords lay the Parallel's Diftance 
from the Right Circle, or the Complement thereof, from one of 
the Poles of the Right Circle, both Ways, ^nd note tbefe twa 
Marks on the Primitive Circle. 

. 2. With the Tangent of the Parallel's Diftance from the Po!p 
of the Right Circle, and one Foot on each of thofe two Marks^ 
defcribe Acres to cut each other, in the Center of the PaTaliol 
Circle required to be drawn. 

Example. Plate 3. Fig. 7. 

BCDE the Primitive Circle, and A its Center ) . 
BAD is a Right Circle .-.--- ,Jg»vens.. 

To cfrauf a Circle parallel to BAD, at.^od. difiemt from, it^ or 50!^ 

Dijiancefrom C, its Pole is required ? 

I. Lay 4x)d. from B to ^, and from D to f 5 or lay its Com^ 
plement 50^. from C, one of the Poles of the Right Circle "^plh 
Ways to the faid p and f. 

With the Tangent of 5od. and one Foot orii ^ \ maipe 

the Arc ^, which Point of Interfeilion at jr, is the Center of the 
Iiac^el Circle p r q^ i:ej][uire4 to be dr^W^* 

Problem 



V- ■* 
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Problem IX. Cafe 3. To draw a Circle parallel t$ an ObUquiCircU. 

The Rule. I. Find the interior Pole of the given Oblique 
Circle by Problem i. Cafe 3. in Pages 1 11 and 112, which re- 
duce to the Primitive Circle, and therefrom lay the Parallels Dif- 
tance from the Pole both Ways, which being reduced to the 
Right Circle, is the Diameter of the parallel one. 

2. Find the middle of the faid Diameter, which 'is the Center 
of the parallel Circle paffing through thofe Marks, and it is done. 

Example. Plate ^. Fig. 11. 

To draw a Circle parallel to BFD, at 4od. Diftancefrom hf 
or 5od. Diftance from its Pole is required I 

I, Find G the Pole of the given Oblique Circle BFD, by 
Problem i. Cafe 3. of Spheric Geemetry^ in Pages iii and 112. 

«• Meafure AG on the Half-Tangents, and fuppofe itto be 3od. 
which add to, and fubtradt from 50 \ the Sum 8od. lay from A to 
k\ and the Difference 2od. lay from A tor: Or thus ; reduce 
G to the Primitive Circle, ^d from it lay 5od. both Ways, 
which reduce to the Right Circle, gives the fame Point k andr. 

3. Find m the middle between k and r, and on /tz as a Center, 
draw a Circle to pafs through k and r, which is the parallel Cir* 
cle required to be drawn. 

Thus nAuch for Problems neceflary for making and meafuring 
Spheric Triangles ; which I advife the Learner perfcflly to ac- 
quaint himfelf with, and then the following Applications will be 
the better underftood* 

Seftion II: The Ufe of the Nine preceding Problems y in making any 
Spheric Tri^gle, and miafuring its Parts ^ or the DoSlring of 
Spheric Triangles. 

Definition i. A Sphere or Globe, is a round Body made by the 
^^ moving a Semi-circle about its own Diameter^ 
'till-Ac Motion ends where it firft began : The Semi-circk*SLDia - 
jneter is the Axis or Diameter of the Sphere j in the Middle of 
which is a Point called the Center, from whence all Right Lilies 
drawn to the Surface, or Outfide of the Sphere, are equal. 

2. A Spheric Triangle^ is defcribcd on the Surface of the 
-Sphere, whofc Sides are the Arcs of three Great Circles mutu- 
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;rfc£ling each otbe; ; md u ei:i£r Q^idr^^ai, R-ira^- 
>r Obliquangular, 

'ijiiadrantal J roce 5l£s I-3: 

icclangulai {Triasgtckaihl ose A=z> 1^ ' 

Ot>Ii<]uangu]ar3 [nc i.de > C[^-iiri^% 

tior any Angic god. 
■- In everj- Spheric Tii^r.z'.t, azz ;.£; ';■ '.tIi i^is 2 

cle, or iSo Degree;. 

lie Sum of any twaSitfss :? grearsr ihar, ihe ;h.l;£ i'jr. 
he three Sides added togtuie.-, ihtlr :"_= .i Iti ''t jtc 



Sun of the three An^It; 
or 183d. bucai'iFavi Icfi 



\x R.;z 



ha.-; rirj 



M X. 7£f Hjpithtnufe, and stu L*^ pv* i I* f-Mi a Sxt' 
langular Spbtric TnaigU. 

\ TomakeaRcaangicSphericT.-iar.z:;. ra-o "nJiip, 
(befides the Rectangle} muli bcg:ven. 

Example. Plait 4. Fif. I. 
_, 5 Hvpothenufc AC 5;.d. 25111. 1 ■ ,„ 

^^^^ } Leg BC 23d. 29m. i ^^'-^ • 

h t)iem to makea Rectangular Spheric Triangle i; recj'^'.rri * 

Drnv the Priiritive Circle with the Chord of t'i. '■-- ^ '■« 
, or with a Half-Tangent of gcd. and qii," ,er :■-, w-:-^ 
« done in every Problem. 

ctinftder whether one of the Oblique Ar.5':; (V.i/- ^ K 

MfC Circle, or u its Center. 

If at the Center of the Primitive Circle, tr.^ 

(by Problem 9. Cafe i. of Sfhtrie Gttmtirj, a C:-.'.^ 
K Frimitrr^ U. ud. 25HI, (the i^ven HkTio^hwjfe) 
ftftJt tkst n, with the Half- Tar ger.i &:' 5+i 
P g rfiwi A (the Center of the Priisitivc C^~x} 
t- 3 CneXc. 

' i:ea (by ihefccoiwCafecfih(;afof^iiPrDWem)d.-a->ra 
; iralld to * RighiCtrak, «t aj|M|^tbc 'gnrea l^ll 
itn it } (hefe tws pv*^' * CTn^^^^B^ othtr ui C. 
' C. d' '^^^^^Mlkk :--: 

^^^™=^^ C C»7 
^awa 
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;^ly interfe£ling each other ; and is either Quadrantal, Re£bui« 
gular, or Obliquangular. 

C A Quadrantal 1 rone Side 7 . 

3. < A Reaangulac > Triangle hath ) one Angle $ ^-^ 

I An Obliquangular 3 ^no Side a Quadrant, 

or 9od. nor any Apgle ^od. 

Note I. In every Spheric Triangle, each Side is lefe than a 
^emi-circle, or 180 Degrees. 

2. The Sum of any two Sides is greater than the third Side. 

3. The three Sides added together, their fum is lefs than 360 
Degrees. 

4. The Sum of the three Angles is ever more than two 
Right Angles, or i8od. but always lefs than fix Right, or 540 
Degrees, 

Problem X. The Hypotbinufe^ and one Leg given s U make o Ri(^ 

tangular Spheric Triangle, 

Nete^ To make a Reftanglc Spheric Triangle, two Things, 
(befides the Redangle) mufthegiven^ 

Example. Plate 4. Fig, i. 

With th^m to make a Rectangular Spheric Triangle is required ? 

I. Draw the Primitive Circle with the Chord of 6cd. or Sine 
of9od. or with a Half-Tangent of god. and quarter it, which 
inuft be done in every Problem. 

Then confider whether one of the Oblique Angles fhall be at 
the Primitive Circle, or at its Center, 

//jr/?. If at the Center of the Primitive Circle, then 

1. Draw (by Problem 9. Cafe i. of Spheric Geometry) a Circle 
parallel to the Primitive, at 54d. 25m. (the given Hypothenufe) 
Diftant from its Pole ; that is, with the Half-Tangent of 54d. 
2sm. and one Foot on A (the Center of the Primitive Circle) 
defcribe a Circle. 

2. Then (by the fecond Cafe of the aforefaid Problem) draw a 
Circle parallel to a Right Circle, at 23d. 29m. the (given Leg) 
diftant from it ; thefe two parallel Circles cut each other in C. 

3. Through A and C, draw a ffreat Circle, which in this 
Cafe is a Right Circle) that is a Diameter ; and from C (i>y 
]Pfoblem 5. Cafe i. of Spider ic Geometry ^ in Page 114) draw a 

^ preat 
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Great Circle, perpendicular, or at Right Anglos to A B, which 
in this Cafe will be an Oblique Circle, and 'tis done. 

Secondly^ To make the Triangle that one of its Oblique Angles 
may be at the Primitive Circle. 

1. The Circle being dcfcribed, and quartered as before dired* 
fd| Then, 

2. Draw (byProblemg. of S^A/r/VGtf^w//ry) a Circle parallel 
to a Right Circle, at 54d. 2sm. diftant from A its Pole. 

3. And by the aforefaid Problem draw a Circle parallel to the 
Primitive Circle, at 23d. 29m. diftant from it, that is, take 66d. 
Jim from the Scale of Half-rTangents, and with one Foot on the 
Center draw a Circle, to cut the former Parallel Circle in C. 

4. Then through A and C draw a Great Circle, which in this 
Cafe will be an Oblique Circle ; and from C by (Problem c. 
Cafe I. of Spheric Gi^metry^ in Page 114) draw a Great Circle 
perpendicular to AB; whiph in this Cafe will be a Right Circle 
and 'tis done. 

To meafure the Things required. 

Thp f ^^^ ^^ " " " - is 1 meafured 1 7. Page 117. 
*"^ lAnglesBACandACBareJbyProb. J 8. Page n8, 119, 

Problem XI, The Hypothenufe and ane Angle giyen^ to mak$ a 

Triangle. 

. Example. Plate 4. Fig. 2. 

rp,^ r Hypothenufe AC C4d. 25m. 1 . 
^•^M Angle BAC - agd. 30m. j S*'''" ' 

With them to make a Redbngular Sphere Triangle, is required? 

Firfl^ To make the Triangle, that the given Angle BAC 
may be at the Center of the Primitive Circle. 

1. Having defcribed that Circle, and quarter'd it, as before 
dirc<Sed in Problem lo. make the Angle BAC equal to 29d. 
30m. (by Problem 2. Cafe i. in Page 112. o( 'Spheric Ge§$nitry] 
that is, from the Scale of Chords, lay 29d. 30m. on the Primi- 
tive Circle, and therefrom draw a Lme through A, theCeate^- 
of the Primitive Circle. 

2. Make AC equal 54d. 25m. (by Problem 6. Cafe a in Page 
XI 7. of Spheric Geometry) that is, from the Scale of Half-Tan-- 
gcnts, lay 54d. 25m. from A to C. 

-». By Problem 5. Cafe 3. in Page 115. draw a Great Circle 

thro* 



StSL II: ^l^ic Trigmmutry Geometric. 135 

thro' C, perpendicular unto A B, to cut the Right Circle A B 
in B ; which in this Cafe is an Oblique Circle; and 'tis done. 

Sicondlfy To make the Triangle fo, that the given Angle may 
be at the Primitive Circle. 

1. After the Primitive Circle is made, and quartered as before 
let A be one of thofe Marks or Quarters ; then (by Problem %4 
Cafe 2. in Page 112.) make the Angle at A equal to a^d. 3Qm. 
by drawing an Oblique Circle with the Secant of the given An- 
gle, as is the Oblique Circle AC. . . ' 

2. Then (by Problem 6* Cafe 3. in Page 117.) Iay54d.25m. 
on the Oblique Circle from A to C ; Or draw (by Problem 9. Cafe 
2, in Page 121.) a Circle parallel to a Right Circle at 54d4 25m. 
diftant from A its Pole, to cut the Oblique Circle AC in C. 

3. By Problem 5. Cafe i. in Page 114, draw a Circle from 
C, perpendicular to the Primitive Circle AB, to cut AB, in B( 
which in this Cafe is a Right Circle, and 'tis done. 

To meafure the Things required. 
rm. \ Legs AB, and BC are } r --.ju r> u S 7- 1 P^K^ 118. 
^"'{AngleACB -- is}'"*=^^"^'=*^^yP~^- {s. JPaie 1,9. 

• 

Problem XII. J Leg^ and its adjacent Angle given j to make a 
Triangle, Example. Plate 4. Fig* 3. 

With them to make a Redlangle Spheric Triangle is required ; 

Fir^j To make the Triangle, that the given Angle (BAC) 
may be at the Primitive Circle's Center. 

1. The Primitive Circle being defcribed, and quartered as be- 
fore, and A placed at its Center •, (then by Problem 2. Cafe r. 
in Page 112. of Spheric Geometry) make the Angle (BAC) equal 
agd. 30m. by drawing the Right Circle AC. 

2. By Problem 6. Cafe 2. in Page 112. make AB equal to 
5od. 30m. that is, from the Scale of Half-Tangents, lay 5od. 
30m. on the Right Circle from A to B. 

3. By Problem 5. Cafe 3. in Page 115. draw through B, an 
Oblique Circle BC, perpendicular to the Right Circle A B, to 
cut the Right Circle AC in C, and its done. Or thus. 

From the Scale of Secants, take 39d. 3C)m. the Complement of 
AB 5od. 30m. fetting one Foot in B, the other Foot marks out 

ion the Right Circle AB extended) the Center of the Oblique 
Circle BC, which concludes the Triangle. 
Secondly^ To make the Triangle fo, thtt the given Angle inay 
Jbe at the Primitive Circle, 

t.A 



126 spheric TfigoBometry Gtmetrk. ChJip^Vi 

A being on, or at the Primitive Circle, (then by Probiem f , 



2. Dy rropicm o. v^aic i. in ^a{§^ ii^* ui«k.«^ xta^ \vm hiv 
Primitive Circle) equal to 5od. 30m. by laying the Chord of it 

from A to B. 

3. By Problem 5. Cafe i. in Page 114 draw a Great Circle 
ftom B, perpendiciar to AB, as the Right Circle BC, to cut the 
Oblique Circle AC in C, and 'tisdone. 

Td meafure the Thingt required. 

T>«{^,fACB "n*?"^}"«>f"^ 'yP">' {5:1 

Problem XIII. A Leg and its oppcfite Angle given 5 to make a Triangle^ 

Example, Plate 4.. Fig. 2. 
n^u ( Leg BC - - 23d, 2Qm. } . ^^ 

With them to make a RcSangular Spheric Triangle is required ? 
Fir/Iy To make the Triangle, with the given Angle at tht 
Primitive Circle's Center. 

1. ThePrimitiveCircledrawn, (^c, as before, and A at itsCen- 
ter, (by Problem 2. Cafe i. in Page 112.) make the Angle BAC 
equal to aQd. 2om. by drawing two Right Circles AB, and AC, 

2. Draw (by Problem 9. Cafe 2. in Page 121.) a Paralld 
Citcle, parallel to the Right Circle AB, at 23d. 29m. diftancc 
from it, to cut AC in C. 

3. From C (by Problem 5. Cafe 3, in Page 115.) draw an 
Oblique Circle liC, perpendicular to the Right Circle AB to ^ 
cut AB in B, and 'tis done. 

Secondly^ To make the Triangle, that the given Angle may 
be at the Primitive Circle. 

1. A, being at the Primitive Circle, by Problem 2. Cafes* 
in Page 113.) make the Angle BAC equal to 29d. 30m. bj 
drawing the Oblique Circle AC, with the Secant thereof. 

2. Py Problem 9. Cafe i. in Page 121. draw a lefler Circle^ 
parallel to the Primitive Circle AB at 23d. 29m. diftance from ' 
it, to cut the Oblique one AC in C : Or thus, with the Hdf- 
Tangent of 66d. 31m, (the Complement of 23d. 29m.) and o^\. 
Foot in the Center of the Primitive Circle, with the other qu£ 
the Oblique Circle in C. * 

3. From C (by Problem 5. Cafe 1. in Page 114. dcawrRigjM^ 
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Circle BC, perpendicular to the Primitive Circle AB» to cut 
AB in B, and 'tis done. 

To miafun thi Things rtquind. 

in Pages 117, 118 and 119. 
Problem XV. Both Legs given ; to make a Spheric Triangltm 

With them to make a Reftangular Spheric Triangle is required ? 
^irjiy To make the Triangle, that one of the Oblique Angles 
may be at the Primitiv;^ Circle's Center. 

1. A, being at the Center of the Primitive Circle, draw the 
Right Circle AB, and thereon by Problem 6. Cafe 2, in Page 
117) make AB equal to5od. 30m. by laying the Half-Tangent 
thereof from A to B. 

2. From B (by Problem 5. Cafe 3. in Page 115.) draw an 
Oblique Circle BC perpendicular to AB ; Or thus. 

With the Secant of 39d. 30m. (the Complement of 5pd. 30m.) 
and one Foot on B, with the other Foot mark out (in the Right 
Circle AB extended) the Center of the Oblique Circle BC. 

3. Draw (by Problem 9. Cafe 2. in Page 121.) a Icffcr Cir- 
cle, parallel to the Right Cfircle AB, at 23d. 29m. difhmce from 
i%j to cut the Oblique Circle BC in C : Or thus. 

By Problem 6. tafe 3. in Page 117. lay 23d. 29m, on the 
Oblique Circle, from B to C. 

4. Through A and C draw a Great Circle j which in this 
Caie is a Right one, and 'tis done. 

Secondly y To make the Triangle, that one of the Oblique An- 
gles may be at the Primitive Circle. 

1 . By Problem 6. Cafe i . in Page 116. make AB equal 5od. 30m. 
by laying the Chord thereof on die Primitive Circle from A to B. 

2. From B (by Problem 5. Cafe 1. in Pa^e 114. draw s 
Great Circle perpendicular to the Primitive Circle, (which in 
this Cafe is a Right Circle) as BC. 

3. Draw by Problem 9. Cafe i. in Page I2X*) a Lefier Cir* 
de, parallel to the Primitive Circle aB, 23d. 29m. diftant 
from it, to cut the Right Circle BC in C : Or thus. 

From the Scale of Half-Tangents, lay66d.2im. (the Com- 
plement of 23d. 20m.) from the Center oi the rrimitive Circle, 
mk tht Right Circle to C« 

4. Through 
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4. Throu|h A and C, draw a Great Circle; which in this 
Cafe is an Oblique one, and 'tis done. 

To Yneafurc the Things required. 

T'« 1 Ai;^Sc,^^a AbB J: I -f""' ^' ■■'<"""' 1 1: } 

in Pages 117, 118, and 119. 

Problem XV. Both the JngUs given ; t9 make a Spheric Triangle. 

Example. Plate 4. Fig, 6. 

With them to make a Re(Jlangle Spheric Triangle is required | 

1. By Problem 2. Cafe 2. in Page 113, make the Angle 
BAC equal to 29d. 30m. by drawing the Oblique Circle AB, 
with the Secant thereof, 

2. Find I, the Pole of the Oblique Circle AB. by Problem 
J. Cafe 3. in Pages in and 112. 

3. Through I (by Problem 3, in Page 113.) draw. an Ob- 
lique Circle IBC, that the Angle ACB may be 7 id. 5 6m. which 
will cut the Oblique Circle AB in B the ReAangle, and the 
Primitive Circle in C, and fo complete the RcAangle Spheric 
Triangle ABC, required to be made. 

To meafure the Things required. 

The Hypothenufe AC, and Legs AB, and BC, are meafured. 
by Problem 7. of Spheric Geometry j in Pages 118 and 119, 

Thus^ All the Cafes of Reftangular Spheric Triangles may -be 
defcribed, and refolved by the laft Six Problems : In like man« 
xier, the Cafes of Oblique Spheric Triangles may be Qsometri- 
cally folved by the Six following. 

Problem XVI. Tivo Sides and an Angle oppoftte given j to tnftl^i m 

Oblique Spheric Triangle, 

Note ; To make an Oblique Spheric Triangle, three Thing; 
muft be given. 

Nifte alfo^ The Angle oppofite to the other given Side ought 
to be foreknown, whether Acute or Obtufe j otherwifc two fp^ 
Yeral Triahgles may be iiiade from the. fame given Things. , 

Example. Plate 4. ' Fig^j. 

{Side - - AC 34d. 07m. 1 
Side - - AD osd. 20m. ? given ; ~ • 

Angle ADC27d. 30m. J 
With them to make a Spheric Triangle (fo that dre^Ui^ 
Act)" may be Obtufe) is required ? 
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1. On the Krimitive Circle, make AD (the given Side joining 
to the given Angle) equal to 65d. 20m. by PjxAlem6. • Cafe i. 
of Spheric Geometry, in Page 1 16. 

2. By Problem 2. Cafe 2. in Page 1 12. make the Angle ADC 
equal to 27d. 30m. by drawifig the Oblique Circle DC, with the 
Secant thereof. 

. 3. Draw (by Problem 9. Cafe 2. in Page 121) a Parallel 
Circle at 24d. 07m. diftance from A, to cut the:Oblique Circle 
l>CinC: 

4. Through A and C, draw a Great Circle and *tis done, 

7> meafure the Things required. 

in Pages 118 and 119. 

Problem 17. Two Angles^ and one Side oppofite given ; to male an 

Oblique Spheric Triangle. 
Exanujfe. Plate 4. Fig. 7. 
f Angle CAD 3odi 48m. 1 
The < Angle ADC 27d. 30m. > given ; . 
• I Side CD - 38d. 28m. 3 
With them to malre an Oblique Spheric Triangle, fo that the 
Side AC may^ be lefs than a Quadrant, or 9od. is required f 
* I. By Prob. 2. Cafe 2. in Page 112, make the Angle ADC 
equal to 27d. 30m. (always the Angle joining to the given Side) 
by drawing the Oblii^ue Circle DC, with the Secant of it. 
■ 2, Draw (byProb»9. Cafe 2. in Page 121) a parallel Circle 
at 38d. 28m. aiftance from D, to cut the'Oblique Circle DC, 
inC. 

3. Then through C (by Prob. 3^. in Page 113.) draw a great 
Circle, to make an Angle at the Primitive t^ircle that may be'e- 
qual to 30d. 48m. as is the Oblique Circle CA, and 'tis done. 

To meafure the Things required. 

■■ -^i '^gk AhD ^^"i:!"'"'''-"'"''"'-! I: \ 

in Pages 1 18 and 1 19. 

Note ; In thefe tyi^ o Uft Prpblems, the thjee given Things with- 
out theQuality of aPourth, are not fiifficient to determine the Tri- 
angle } And the Quality, of a Fourth is not always difeoverable 
by. thp given Things ; therefore they are called Douttfui Cafes. 

Ptoblem l8« . Two Si Jos and one Angk between tbem given 5 to mati 

4M OUsque Spiberif Triangh^ 

. I . tfmp\% 



■.iV 



I 
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Example. Plate 4. Fig. o. 

The^Stde ^ * * AD 6 jd. abti. > ^rai I 
CAjtigle - - CAD 36d. 46m. 3 
With them to malbKan CfbliqueSphcfncTiiah|l6i$ reauired? 
' I. By Problem %. C^ 2. in 'hige 112. dulce dke Atiglg 
CAD equal to ^od, 46m, by dr^iwixig the Qblique CircTe AD 
with the Secant tberedf. 

%. M^e up (on die Primitive Circle) equal to 34d, 06m, 
and AD (on the Qblique Circle) equal to 65d. 2pm. \iffr^ 
Iem6. Cafesi iand 3* mPagea 116 andiiy. • ' 

3. Through C aiid D» draw a Great Circle, and 'tia done. 

To miaturt tb$ Tlnngs Tifuirii^ 

in Pages 118 and 119, 

Problem 19. Two Jngksj and one Side hitwem tbem pv$» ; to muH 

ok OUiqiie Spbinic Trkmgu^ 
Example. Plato ^ FigJ 10^ 
f Angle ACD J3id. 34m, ) 
The < Angle ADC 27d, 30m. > given 
t Side - CD j8d. aSm.J 
widi them to make an Oblique Spheric Triangle is requiredf 

z. On the Primitive Circle, maice CD equal 3$d. aSnu t&egiv* 
en Side, by Problem 6. Cafe i,' inPage ii6. 
' 2. AtD byProb.2. Cafe 2. inPages iiiand xxt) OKifcetho 
Angle ADC equal to 27d. 30m, by drawing the. ObuqiiiiCiraQ '. 
DA i and at C, make the Angle ACD equal to i3id« J^QU hf. 
drawing the Oblique Circle AC, and 'tis done. 

fo meajure the Tiings rtfturod. 

Pages 118 aiid 119. 

Prob. 20* Three Sides given y to make em OUique Spberie Triougk^-' 

Example. Plate 4^. Fig. ii, * 1 . 

CAD 6sd. 20m.l i * 

The Side < CD 38d. 26m. > given I 

lACjj^. o8m.J ^ri;;:^. 

With them to make an Oblique Spheric Triangle is ntfokM' li 
Y. On t!be Primitive Circle make AD equ^ tOh(>si.imfV^illt :l 
greater given Side) by Problem 6. Cafe 2. in PaM i x6« ' " ' * 
^ i. Dniw (&vPfob.9. CJafea. inPagex2i«>aFai«tkMtl 
fit 34d. 8in. diftancc £rom A % and lik^fe aaother at 38d» % 
mcefrpm D> to cut each ptjierin C« 

3. Tkrapi^ 



' « 
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3. Thioipg^ A and C, and aUb D and C, draw Great Cir* 
des^ which will form the Spheric Triangle required. ^ 

To mcafure the Things required^' 
u Find rby PrcMem i, in Paees iii and 112.) thePdleof 
the three Sidiet of the Triangle A<CD ; that is, £ the Poles of 
AD, F the Pole of AC, and G the Pole of CD. 

2i Through F and G, draw a Great Circle, of which the an- 
gular Point C is it's Pole, and vpu will form the Triaojgle E^G^ 
' 3, The Sides of the Triangle £FG» are equal to the Angles 
of die Triangle ACD ; and die Angles of the firft, ace equal to 
die Sides of die latter, onl^ the greater Angle in die one, is e- 

3ual to the Supplement (ot the greater Side in die other) to % 
imi-circle.* 

That is.; the Side EF is equal to the Angle CAD, the Side 
EG is equal to the Angle ADC, and the Side FG is equal ^9 
the Supplement to iSod. of the Angle ACD. 

4. The Sides EF, EG, andFG> are meafured by Problem 74 
in Pages 117 and X18. 

Prob. 21* Thru Angles ghiu ; t» mah an OUique Spbgru Trianfk. 

Example. Plate i^. Fig. 12. 
f CAD I3id: 34m.l 
The Angle < ACD 3od. 45m. ? given 5 
I ADC 27d. 30m. i 
With them to make an Oblique Spheric Triangle, is required i 

I • Suppofe a Triangle EFG, whofe Sides are equal to the An- 
^e» of die Triangle ADC; that is, the Side EF equal to 48d» 
26m. the Supplement to iSod. of the Angle ACD equal to 
I3td. 34m. and the Side-EG equal to the Ancle A C D 3od. 
45m. and the Side FG equal to the Angle ADC 27d. 30m. 

a. Then conftrua the Triangle EFG with die Sides EF, EG 
and FG, as before in the laft Problem. 

3. Find (by Problem i.) the Poles of the three Sides of the 
Triangle EFG ; that is,. A the Pole of EF, C the Pole of EG, 
and D the Pole of FG. 

4. Through C and D, draw a Great Circle, of which the an- 
g;ular Point G is its Pole, which will form the Triangle ACD 
r^uired to be made. 

To meafure the Things required. 
The Sides AC, AD, and CD, are meafured by Problem 7, 
in Pages 1 17 and 118^ 

Thus much I thought neceflary as preparative to Spheric 
Trigonomeitry hjf Galculatibn, that th^ JUarnef might kno^w- 

I 2 how 
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bow to make or coiiftriiA, an4 mtaAire the Spheric Triangle, or 
TJiy of its Psrt* ; si thing not well underftood by many who pro- 
tend to be Teachers, to the great Difadvantage of the ingenious 
Scholar. 

Seaion III. Of tbt Affcftion*, tr Natural Properties if 
Spftftt Triangkt. 
^Hefe ^yji^^Jioni are carefully to be minded, in.ordertotheuni 
■^ derflanding of what may De given, .or required iA a Spherii;' 
Triangle; and navihg already giyen you the feveral DefinitioHS 
of a Sphere, and the Circles of it, with the Kinds of Txiangles 
relative thereto, which I will not here repeat, I pafs on to th« 
Affeiiionsof Spheric Triangles, as follow. = 

1. Every Side of a Spheric Triangle is an Arc of a Great Cir* 
de, and is lefs than a Semi-circle- 

2. Every Great Circle divides the Sphere or Globe into Citq 
equal Parts called Hemifpheres. 

3. Any two Great Circles muft cut each other, and the An-' 
glcs which are.oppofite and contrary, are equal to one'Epotbe^, . 

4. The Sum of any two fides (of aTriangleJ is greater than 
the third Side. 

more than 1800. 

6. TheSuroof any two Sides, is lefs than the Difference fceC _ 
tween the third Side and i8od. But, 

The Sum of , any two Annies is more than the Difference bft* 
tween the third Angle and i8o(I. 

7. In a Rectangular Triangle, the Legs and their oppofite 
Angles ar? of the lame Affection; that is, ifa Leg be more, or * 

■ (efs than a Qiiadrant, its oppolitc Angle is Hkewife more, or Icfsi 
than a Right Angle. I 

8. In a Reflangular Triangle, if one Leg be a Quadrant, the 
Hypothenufe will oe a Quadrant ; brit if both Lags be of the lame 
Affedtion, the Hypothenufe Is Ids than a Quadrant ; if of diffSe^ 
rent, 'tisffiore^ and on the contrary, if cachof the Legsbclcfs, 
9r more than ijoi. tht Hypothenufe is lefs than tjod. But, if] 
one L^ be more than 90d. and the other lefs, the Hypotbenuftt 
is more than 9od. 

9. If the Hypothenufe be j ^^^^ ? than g&d. one L( -^'- 

oppofite Angle wiB Ite j ^^^ '^^" f J" "'" ''\^^'' '?^^ 
*" . ^ itDore, andtheothericfsthaa« 
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10. If both Angks at the Hypothenufe are Acute, or Obtufe, 
the Hyt>otheiiuie is lefs than a Quadrant ; but if one be Acute, 
and the other Obtufd, the Hypothenufe is more than a Quadrant. 

11. In every Triahgle, greateift Sides are oppofite to greateft 
Angles, and equal Sides to equal Angles. 

r Acute ) 
1 2. In every Oblique Triangle, two < Q{,^yfg J Angles being equal 

their oppofite Sides are equal, and each \ ^^ i than aQuadrant 

13. If two < Qu t ^e > Angles are unequal, the Side oppofite 

to the { g^^ } Angle (hall be \ ^^^^ | than a Quadrant. 

14. All the Angles Acute, each Side is lefs than aQuadrant. 
Thefe Things being premifed, their Solution followeth ; and 

firft of Rectangular Spheric Triangles, in which are i6 Cafes, 
and then Oblique-angled Spheric Triangles, in which are only 
X2 Cafes. 

Seftion IV. the Solutton bfthe i6 Cafes d/'Reftangular Sph^eric 
Triangles, by Lord Napier*! Uathelic Prop^ion. 

I. IN a Reftangular. Triangle, there are bcfides the Right-angle 

* five Things, which the Lord Napier calleth the Five circular 

Parts of a Spheric Triangle amongft wTiich, the Right-angle 

not being reckoned, the two Legs are fuppofed to join together. 

2. Any one of thefe five circular Parts, may, ^by Suppofition) 
be made a middle Part, and then the two Circular Parts, which 
are next to that middle Part, are the Extreams Conjunct ; And 
the other (two circular Paru) remote frofn that (afTumed mid- 
dle Part) are the Extreams Disjunft. 

3. In every Cafe, two of the aforefaid' five Circular Parts are 
(always) given, to find a third ; of thefe three Things (two 
given and one required) one is middle Part, and the other tw'o 
are extreams, either Conjundl or Disjundt. 

The Parts of a Rectangular Triangle being thus diftinguiflied, 
obferve the U'niverfal Propofition following, invented by the a- 
ibrefaid Lord» the Inventor of Logarithms. 

Tbi Catholic Propofition. 

The Sine of the middle Part and Radius, arc reciprocally pro* 
portional with the Tangents of the Extreams Comunft; and 
with the Sine Complements of the Extreams Disjunct: That is, 

I 3 1. For 



«t4 
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I. For Extreanis Conjuna, tftuf; 

As the Radius, is to the Tangent of one EMrearn ; To if the * 
'fangcnt of the other, to the Sine of the middie Part : And* 
, . 2. For Extreams Disjund, thus } 

As the Radius, is to the Sine Coihirieinent of one Extresbi, 
fo is the Sine Complement of the other, to the Sineof the middle 
P*rt: Therefore, 

N«u i When the middle Put is to he founds the Radius is to 
be the iftTenn in the Proportion, s« above; But if either of the 
Extreams be required, the other Extresunteuft be Oie'ficfiTain: - 
That is, 

3. For Extreams ConjunA, thus;" 

As the Tangent of the given Extream, is to the Radius i 
fo is the Sine of the middle Fart, to.the Turcot of the required 
Extream: And, 

4. Eor Extreams Disjund, thus ; 

As the Sine 0>mpleiheiit of the -given Extnam, is to the Ra- 
dius ; fo is the Sine of the middle Part, to the Sine Complemenc ■ 
of the required Extream :' But, 

Nile I. That if the middle Part, or either of the Extreams 
C6njunfi he the Hjrpothcnure, or either of the Obliqufc Angles i 
inftead of Sine, and of Tangent, you muftufe the Sine Comple- 
ment* and Tangent Complement. • ■ - 



y< T A B L E 0/ o/; lir Varieties «/ Extreams 
Conjunft and Disjunft. 


Numlfer 


JUiMe Part. 


ExI. Caiijuna. 


Ext. Dlsjwia. 


I 


Sine AB 


Tang. — BC 
Tans. c. BAC 


Sine ACB 
Sine AC 


2 


Sinec. BAC 


ra.,5. c. AC. 
Tang. — AB. 


Sine c. BC 
Sine ACB 


3 


Sine c. AC 


Tang. c. BAC 
Tang. c. ACB 


sine c. BC 
Sine c. AB 


4 


Sinec. ACB 


Tang. c. — C 
Tang. C 


Sine BAC 
Sinec. AB 


5 


Sine BC 


7ang AB 

Tang. c. ACB 


Sine B-" 
Sine 



3. If «itber of UiF £»rearaa pHJuitd bq Ac Hypotfienuf^ 

either of the Oblique An^eS} iQfm^crf'Sme'CtM^lenieat, you 
mull ufc the Sine. 

And for the eafier ludeiftandiog thele DitffUuU) obferve die 
'foregoing Table, wherein ftre plftced thf five Ctfcnlur Parts of ■ 
Reaanguiar Spheric Triaiigli, under (heir refpeaiTo Titlei,. 
Wbethcr they may be taken tor t^e middle Ftrt, or for ExtreanUy 
aAcrA^tnjunA or Diijun3 } and. uq^O' thbfePsitt Are prefixed. 
Sine, Sine CoQtplemeqt, Tangent, anJ Tangent Complement) 
as tliey ought iq be, and are uled'in the Cafes following. 

ft«b. 1. Cdfe I, 2n and 3. 7^ Hfpatbmffy tndtntlag ghim. 

Tofiadlilthel^:^^^^^'-^' 
'3- J COtfierLeg 

Exaoiple. Phti 4^ Pig. 1. 

In die Re^gular Spheric Triangti ABC, d)tt« ia gtrent 

This Ttiaogle a made by ProbleiA ib. .of Spheric Trigonb* 
- metry Geometric, in Pages laj and 124. 

I. for the contained Angle ACB; or Aogl$ adjacent to thegiv- 
cn Leg) the Proportion is ; 

As the Radius, is to the Tangent of the given Leg ; lb is the 
Tangent Complement of the Hypothenttle,' to the Sine Cornple* 
tnent of the adiscciit Angle requiredi Or diua, 
~ • " ' "•::::T.c.Hyp *" " 



Radius •• T. L^ BC :: T. c. Hypot. AC ■■ S. c. Angle ACB. 
T. 45d. •• T. 23d. agm. : : T. 3sd. 35m. ■• S. i8d. 0701. 
which fubtntdifrom god. r^7id.53m. for the Angle ACB. 

Therefore the Extent (on the Guxttr'i Scale) from Tangent 
of45d. to Tangent of 23d. Z9m. reachedi from Tangent 35d. 
^5m. to the Tangent lyd. iSp- agaJnft which, on the Line of 
Sines, is i8d. 07m. the 4tb Term in the Propordon above, 

mfti T)»H;n>.«.ag!'»L.g{^'j»ore{^— }ld> 

dian a Quadrant, or 9od. die required An^ is j qi_j^ 

z. For the Angle BAC oppofite to tbe ^Tcn L^, tbe fn-- 
portion ifduu; 

I* 
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>#■•-■ . 

As the Sine blTthe Hypothenufe, is to Radius ; ib is the Sine 
of the eiven L^, to the Sine of its oppofite Angle : Or thus, 

8. fi^jpot^ AC •• Radius : : S. Leg BC •• S. AnzU BAC. 

S« 54x1. 2501. •• S. god. : : 23d. 29m. •• Sine 29d. aom. 

Therefore the Extent (on th^'Gunter) from Sine C4d. 25m. to 
Sineof 9od. reacheth from Sine of 23d. 29m. to Sine of 29d. 
20m. the fourth term in the Proportion abovefaid. 

NoUj The given Leg I ^"^ I than a Quadrant, orgod. > 

. . the required Angle is | Qbrnfe. 

4. For the Leg AB, the Proportion is thus ; 

. As the Sine Complement of -the given Leg, is to Radius ; fo 
is the Sine Complement of the Hypothenufe, to the Sine Com- 
plemen^of the required Leg : Or thus ; 

5. c. Leg BC •* Radius : : S. c. Hyp. AC •• S. c. Leg AB. 
S. 66d. 31m. •• S. god. : : S. 35d. 3Sm. •• S. 39d. 23m. 

which fubtra6l from god. reftcth 5od. 37m. for the Leg AB re- 
quired. 

Therefore the Extent (on the Gunter's Scale) from the Sine of 
66d. 31m. to Sine of god. will reach from Sineof 35d. ^sm. to 
Sine of 3gd. 23m. the fourth Term in the Proportion aforefaid* 

NoU^ TheHypot. and given Leg of J ^^^g-^^J Kind, 

the required Leg is ^ > than a Quadrant; 



Problem 2.. Cafe 4, 5, and 6. 



rroDiem 2.. \^aie 4, 5, ana o. 
The Hyp9tbinuft^ and wu AmgU pven\ 

I ^. J C other Ans-le. 



To find < a- f the \ Leg adjacent 
1 3. J C other Angle. 



Example, flau 4. Fig. 2. 

In the Reftangular Spheric Triangle ABC, there is 
riven- \ Hypot. AC 54d. 25m. ( LegBC, AB, and 
^ \ \ Angle BAC 2od. 30m. \ Angle ACB required ? 

This Triangle is made by Problem 11. of Spheric Trigono- 
metry Geometric, in Pages 124 and 125. - 

I. For the Leg BC, oppofite to the given Angle, the Propor- 
tion 18 thus } . 

Aq Radhig, is to the Sine of the Hypothenufe ; fo is the Sine of 

the gir en Angle, to the Sine of its oppofite Leg required: Orthus. 

Radius 



SofiL IV. S^mc friffmmetry RiOMgiikr^ 137^, 

Radius- S. Pyppt. AC : : S. AjirI^ IBAC •• S, Leg BC. 
S. (9od. •• S. 54a. %s^. : : S. 290. 30m, •• S. 23d. 36in. 

Note J the given Angle < Qbtufe I ^® required 

^S w 2 more I **" * Qy^'*"^* , 

2. For the Leg AB, adjacent to the given Angle, the Propor-rl \ 
tion is this \ 

As the Tangent Complement of the Hypothenufe, is to Ra^- 
djus ; fo is the Sine Complement of the given Angle to the Tan« 
gent of its adjacent Leg : Or, 

As Radius, is to theSine Complement of the given Angler ; (b 
is the Tangent of thfe'Hypothenufe, to the Tangent of the L^ 
required :• That it, 

Radius •• S. c. BAC : : T. Hypot. AC •• T. Leg AB. 

S. 9od. •• S. 6od. 30m. : : T. 54d« %$m. •• T. 500. 34m. 

Note ; When each given thing is lefs, or more than Qod. the 
required Leg js lefs than a Quadrant ; but if one is lefi, and the 
other more, the required Leg is more than a Quadrant. 

3. For the Angle ACB, the Proportion is this ; 

As the Tangent Complement oif the given Angle, is- to Ra- 
dius ; fo is th^ Sine Complement of the Hypothenufe, to the 
Tangent Complement of the other Angle ; Ur thus. 

As Radius is to the Sine Complement of the Hypothenufe;^ fa 
is the Tangent of die given Angle, to the Tangent Comple- 
, ment of the Angle required : That is, . • / 

Radius .. S. c. Hypot. AC : : T. Angle BAC .. T. c. Angle ACB. 
S. ^od. •• S. 35d. 35m. : : T. 29m. 30m. •• T. i8d, 13m. 
which fubtraS from god. refts 7 id. 47m. for the Angle ACB. 

Note ; When each given Thing is lefs, or more than ood. the 
required Angle is Acute \ but when one is more, and the other 
lefi, 'tis Obtufe. 

Problem 3. Cafe 7, 8, 9. J Leg and Us adjacent Angle given 5 

To W [ i: I d,. [ k?gl. i OPP"*" ""k' S-° {Xegf . 
I 3. J t Hypothenufe 

Example. Plate 4. Fig. 3. 

In the Redangle Triangle ABC, Right-angled at B, there is 
„. ^„ S Leg — AB 5od. 30m. I Leg BC, Angle ACB. 
S'v^" I Angle BAC 29d. 30m. \ and Hypot. AC required ? 

- Thi« 



THfai Triangle is made By Problem la, of Spheric Trigojio- 
mctry'Geoirictrici in Paiges 125 an4 126, 

il For the L«g BC oppbfite to tHe ghreii Ai^jgle^ the* Propor^ 
tion is, r 

As the' Tangent Cothplement of the given Angle, is to the 
Radius ; fo is the Sine^oF its adjacent Leg, to the Tangent of its 
op()oiit6 Leg reqtiired : Oir thus'; V . 

As the Radius is to the Sine of the given Le^ ; fo is the Taja« 

^'tht of its adjacent Angle, to the Tangent of its oppofite Leg ; - 
hat is; 

Radius •• S.. Lcg.AB : : T. Angle BAC •• T, Leg BC. 
S. 9od. -S. 5od. join. : : T, 29d. 30m. J* T. asd. 35m. 

NUi i The given Axigle Acute, the required L^ is lefs thah t 
Quadrant, but wheii Oraife^ then more thaii a Quadrant. 

2. For the Angle ACB, oppofite to^ the ^veif Leg, the Prt><- 
portion is ; 

As Radius, is to the Sine Complement of the given Leg $ lb 
is the Sine of its adjacent Angle, td the Sine Complement of itt 
oppofite Anele requited ; That is, 
• kadius-S. c. LegAB :: S. Ande BAC ••$•€• Angle ACS. 
.S.Qod.-*S. 39d'. 30m. : : S. 2od. 30m. •'•S. i9i* 15m. 
whofe Complemefnt jxd*. 45m. is tne Angle ACB** 

Note ; The given Leg lefs, or inore than 9od. the Angle ti* 
quired is Acute, or Ottuie accordingly. 

J. For the Hypothenufc, the Proportion is ; 

As the Tangent of the given Leg, is to the Radius ;ib. is the 
Sine Complement of its adjacent Angle, to the Tangient Com* 
plement of the required* Hypothenuie : Or thus. 

As the Radius, is to the Sine Complen^ent of the given An-*^ 
^e ; fo is the Tangent Complement of its adjacent Leg, to the , 
Tangent Complement of the Hypothenufe ; That is, 

Radius •• S. c. Angle BAC : : T.c. Leg AB - T.c- Hyp. AC, 

8. 9od, -S- 6od. 30m. : : T. 39d. 30m. --T. 35d. 40ml 
whofe Complement 54d. 20m. is fiie Hypothenufe AC. 

Notii When each Thing is lefs, or more than ood. the H]rpo-' 
thenufe is lefs than a Quadrant ; but if one is le(s, and the oOicr 
more, then the Hypothenufe is more than a Quadrant. 

Prob. 4. Cafe 10, 11, 12. A Leg and its 9pp^$ An^U ghtHU 
^^ - . f 'O^cg. l^A\..^r.. ^^.\..^\..^ ) Angle 



find [iJA^gle \ ^i*^^^ ^^ *^ g"^^«^ 
1 3. J Hypothenufe^ 



Example* 



. , Example, fhtti ^ tii. ^ 
In t&e Reftangular Spheric Triahgle AtiC, <&^ is,' 
I Leg ~ BU 23d. iLtfU. \ Leg AB, Ai^le ACp^Md 
given J ^j.gj^ g^^ ^gj 2^jgjj J hypbth'enafe AC rMuired. 

This Triangle is made by Pfoblcirii3, <*f SpKeric Trigono- . 
metry Geometric, in Page ia6. . . 

1. For the Leg AS, adjacent to the giveh Aiigfc, iHiz, Pio- 
pdrtion is thid; . ., . , . . • 

As Radius, is to the Tangent of the given' L^ 1 fo is thie 
Tangent Complement of its oppofite Angle, to the Sine of th<; 
other Leg required ; Th'at is, 

Radius.. T. LegBC : : T. c. Artgle SAC-S. Leg K$. 

T. 45d, •. T. a3d. 29m. : : T. 60a. 3pm. •• S,jod. lom. 

Note \ If the unknown AA^Ie be A^cate, or CUbtufe, the re- 
quired Leg accordingly is lefs, cfr ihore than a Quadrant. , 

Or, the Hypothenuie and given Leg, ekch teis, or more^an^ 
9od. the required Les is lefs Aah a;Quadrabt j but if one 19 mor^ 
and the other lefs, 'tis more than a ^adr^t, 

2. For the Angle ACB adjacent to Ac giVen Ltg, flic Pro- 
portion is. this J -ir 1 .1 ' i ^ 

As the Sine Complenfent of the given Leg, is to'the K^us ;' . 
fo is the Sine Complement of its oppoiite Angle, to the Sine di 
its adjacent Angle : That is, 

S. c. LegBC .. Radius : : S. c. Angle fiAC .. S. Ariglc ACET. 

S. 66d. 31m. "S. 90d. : : S. 6od. 30m. •*S.7id.37m. 

NoU ; If the Hypothenufe and given Angle be each lefs, or 
more than Qod. the Angle required Is Acute, biit when one b 
more, and the other lefs, 'tis Obtufe. 

Or, the Leg adjacent to the given Angle being le(s, or more 
than ood. accordingly the Angle required is Acute or Obtufe. 

J For the Hypothenufe AC, the Proportion is this : 
s the Sine of the given Angle, is to the Radius ; fo is the 
Sine of its oppofite Leg, to the Sine of the Hypothenufe re- 
quired : That is, 
S. Angle BAC .. Radius : : S. Leg BC •• S. Hypothenufe AC. 
S, 29d. 30m. •• S. god. : : S. 23d. 29m. •• S. S4d. oim. 
Note ; It both Legs, or both Angles are of one Kind, the 
Hypothenufe is lefs than a Quadrant, but if they be of difierent 
Kinds, the Hypothenufe is more than a QuadnUit. 

Problem 5. Cs^fe t\ and 14. Hoth tbi Ltgs #fcM; U.faii U 
BithirtftbtdhgUif %.n$Bjp9mmif€f 
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t 

Example. . Plau 4'. fig. 5. 
In the Red!ahgu1ar Spheric Triangle ABC, there is 
T ^ S AB 5od. 30m, 7 Angle SaC,. or ACB, and 
given. Leg J g^ 23d, igmlj Hypothehufe AC required. 

Thii Triande is mad^ byJrfpb. 14. of Spheric Trigonometry 
Geometric, in rage 125. ' 

1. For either of the- Angles, the Proportion is. 

As the Tangent of one Leg, is to Radius; fo is the Sine of 
the other Leg, to the Tsjiiigent Complement Qf«thc Angle oppo- 
fite to th^ fim Leg ; Of ttius, 

"As Rstdius, is to the Sine of oiie Leg ; fo is the Tangent , 
Complement of .the other Leg, to the Tangent Complement of 
the Angle oppofite to the laft Leg ; That is, 

Radius .. S. Leg AB : ::T. c. Leg 3C •: T. c. Angle BAG. 

S, god. y. S. soX* 30'm.' : ': T. 66d. 31m. •• T. 6od. 37ra. whofe 
Complement ^od. 2tm. is the Angle 6AC : Alfo it is, 

^lladius .. S. Leg Be :': Tl c. Leg AB v'T: c. Angle ACB. 

'^S.god. •• S. 23d. 2om..i; : T.jgm.^bm. •; T. i8d# ixm. whofe 
Complement 7id. 49m\'is the Angle ACB. 

NoUy if the Leg oppofite to the required Angle be lefs than a . 
Quadrant, the Angle foughp is Acute \ but if greater, Aan 'tis ' 
Obtufe. 

2. For the Hjrpothenufe, the Proportion is thus ; 

As Radius, is to the Sine Complement of one Leg ; fo is the 
Sine Complement of the other Leg, to the Sine Complement of 
the Hypothenufe ; That is, 

Radius •• S. c. Leg AB : : S. c. Leg BC •• S. c. Hypot. AC. . 

S. 9od. •• S. 39d. 30m. : : S. 66d. 31m. •• S. 35d.'4im. whofe 
Complement 544. 19m. is the Hypothenufe AC. 

Notty If both Legs be of one. Kind, the Hypothenufe is lefs, , 
than a Quadrant ; but when of different Kinds (that is» one Leg 
more, the other leis than a Quadrant) then the Hypothenufe is 
more than a Quadrant. 



* ■> 
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Problem 6. Cafe 15 and 16. Both the ObJiqut AngUs givm% * 
Tpfndj I. EUher of the Legs f %. The Hyfothenufef 

• • • 

Example. Plati 4. Fig. 6. T 

In the ReSangular Spheric Triangle ABC, is given, 

Anelc \ ^^^ ^9<1- 3^™. 1 Leg AB, or BC, and 

f^ \ ACB 7 id. ^6m. (Hypothenufe AC required ? ^ ^ ; ;^^<i 
This Triangle is made by Problem 15, of Sp^cfricTrigonb* • 
mctry Geometric, in P»e 128. - " . 

jK. For either of the Legs, the Proportion is thus ; 



As the Sine of one Angle, is to Radius j io the Sine Complex 
ment of the other TLngle, to die Sine Complement of its oppofite 
1^3 Thatis^ 

S. Anzle BAG •• Radius : : S. c. Angle ACB •• S. c. L^ AB. 

S; 2od. 30m. •• S. 9od. : : S. i8d. 04m. •• S. jqi. oam. 
whofe Complement cod. s8m. is the Leg AB : Alfo it is» 
S. Angle ACB •• Radius : : S. c. Angle BAC •• S. c. Leg BC« 
8. 71a. 56m. ••$. 9od. :: S. 6od. 3om.«*S.66d. 17m. . 
.whofe Complement 23d. 43m. is the Leg BC. 

Note i If the* Angle oppofite to the reauired L^ be Acute, the 
Leg fought is lefs than a Quadrant i but if Obtufe, then *tis 
greater than a Quadrant. 

2. For the Hypothenufe, the Proportion is thus ; 

As Radius, is to the I'angent Complement of one Anele; fo 
IS the Tangent Complement of the other Angle, to tne Sine 
Complement of the Hypothenufe ; That is, 
Radius •. T. c. Angle BAC : : T. c. Angle ACB .. Hyp. AC. 
T. 45d. •• T. 6od. 30m. : : T. i8d. 04m. •• S. 35d. 13m. 
whofe Complement 54d. 47m. is the Hypothenufe AC. 

Noii ; The Angles of one Kind, the Hypothenufe is left than 
a Quadrant ; but when of difierent Kinds, 'tis more than a 
Quadrants 

Se^on y. Pour Axioms j hj wblcb the 12 Cafe$ ^f OlUfiu-^mgUi 

SpbtrU TrtangUs are refohia. 

Jxt^m I. T N all Spheric Triangles, the Sines of their Sides are 
^ in direct Proportion to the Sines of their oppofite 
Angles ; That is, 

1. As the Sine of a Side, is to the Sine of its oppofite Angle ; 
fo is the Sine of any other Side, to the Sine of its oppofite Angle. 

2. As the Sine of an Angle is to the Sine of its oppofite Side 5 
fp is the Sine of any other Angle, to the Sine of its oppofite Side. 

Jxiom a. Firjlj As the Sine of half the Sum of two Sides, 
(containing an Angle) is to the Sine of half their Difference; 

So is the Tangent Complement of half the contained Ande, 
to the I angent of half the DiflFerenceof the other two Angles. 

Again, 

Secondly J AaTthe Sine Complement of half the Sum of twc 
Sides (containing. an An^le) is tothe Sine Complement of Half 
their Difference J 

So is the Tangent.Complement of half the contained Angle, 
to the Tangent of half the Sum of the other two Angles. 

Jximn 3. A'r^,' Asi the Sine of half the Sum of two Angles ; 
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So if the Taneont pjf half their inteijacent .Sije, to the Tan- 
nnt of naif the S^ifference of the other two Sldei : Again, 
^ Sicindljj As the Sine' Complement of half the Sum of two 
Angler IS to the Sine Coqmlqnenyt of half their DiflFercnce ^ 
' 9o is the Taiigent of hsif iflic^ ijiteijacent Side, to the Tan*- 
gent of half the Sum of jthe other jtwo Sides. 

JxUm 4. As the ReAangle of il^ Sines of tjbe two containing 
Sid^s, is to the Square of the Radiut ; 

So is the KeStinslp of the Sine of half the Sum of the three 
Sides, and of the Sine of the Diflference between the faid hatf 
Slim and the Side oppofite the Angle, to the Square 'of the Sine 
Complement of half the contained Angle fou|;ht. 

The Explanation and XJk of thefe four Axioms, you will find 
in the Solution of the following Cafes of Oblique Spheric Tri- 
angles. 

* Problem 7. Cafe i, 2 and 3. 
Two Sides, and an oppofite Anele given ; to find 

1. The Angle oppofite to tne other Side, 1 

2. The Angle contained between them, > if the required 

3. The third Side J 

oppofite Angle be foreknown to be Acute, or Obtufc. 

£xami>le. Plati 4. Pig. y. 
In the Oblique Spheric Triangle ACD, tnere is 

{Side- — AC J4d. 07m. T Angle ACD being Obtufe 1 
Side ADo^d. 2om. > Angle CAD -— >req. 
Angle ADC 27d, 30m. J Side CD J 

This Triangle is made by Prob. 16, of Spheric Trigoncxnedy 
Geometric, in Pages 128 and I2Q. 

1 . For the oppofite Angle ACD , the Proportion (by A;ciom i • ) 
is thus ; 

As the Sine of the Side AC, is to the 3ine of the A^iefe ADC^ 
So is the Sine of the Side AD, to the Si^e of tt^ Angle ACD s 
That is, 

S. Side AC •• S. Angle ADC : : S. Side AD •• $. Angle ACD. 
S. 34d. 07m. •• S. 27a. 30m. : ; S. 6^d. 2bm. •• S. ^w. 25m. 

Which fubtra£l from 180 refteth i3id. 35m. for the Angle 
ACD, it being required to be Obtufe. . . 

2. For the contained Angle CAD ^having before found the 
^ppofite Angle) the Prpportron (by Axiom 2. Parjt i. invjertod,) 
IS thus ; 

As the Sine of half the DiSerence of the Sidqi AD and AC^ 
is to the Sine of half their Sum ; fo in thp Tai^g^t of half the 
Difference of the Angles ACD, and ADC« to the Tai^R^ 
^ 'cmentofhajfthe An^k CADi aoi, 

3-?9f 



3» For the ihiii Side CD^ (having found fh^ oppoHte Angle) 
the Pt6poitiQn;Tby Axiom ^, Part x> mverted) is thus ; 

As the Sine ot half the Difference of the Angles ACD, and 
ADC, ^ to dhe'Siiie of half their Sum I 

So it the Tah^t of half the Difference of the Sides AD $uid 
AC, to fhe Tanjgent of half the Side CD : That is, 

d. m« d. m« 

SideAD65.20 
Side A C 34.07 d, m 



Ang.ACDi3i,35 

Ang.AD C ay.^o qi 



Sum i s 99.27 J X Sum49»43 Sum is 159.0^ 7 . J Supi 79.3J 

Differ, 3 1 . 1 3 3 * C Diff. i <;36lDiff. is 104.05 3 ' C Diff J2.01 

S. iDiff: Sides -S i their Sum : : T. | Diff. Ang. •• T. c. iCAD. 

S. i5d. 36m, •• S, 49d. 43m, : : T. sad. oim. •• T. yj^d. 37fa« 

Which fubtrad from ----..•-- god, boni^ 

Remainder is half the Angle CAD • « • « I5d. 230U 
Which being doubled ^-'----•- i sd^ajm. 

Produceth the required Angle CAD * .^ « • jod. 40m. 
3. i Diff. Ang. .. S. i their Sum : : T. i Diff. Sides •• T. i CD. 
$t52d. 02m.«*S. 79d. 32m. : : T. I5d. 36m. --T. igd^ lanu 
* Which being doubled •-••-•-- igd. I am. 

produceth the required Side CD -..**. 38d. 24au 

Problem 8. Cafe 4, 5, and 6. 
Tuw Angles J and one Side dffofiti givin ; tofind^ 
I. The Side oppofite to the other Angle, 1 
a. The intenacent, or Side between them > if the required 

3. The third Angle J 

oppofite Side be foreknown to be more, or lefs than a Quadrant. 

Example, Plate 4. Fig: 8. 
In the Oblique Spheric Triangle ACD, there is given^ 

Angle CAD 3od. 48m. f Side AC lefs than god. 1 

Angle ADC 27d. 30m. < Side AD — ^required. 

Side — CD 38d. 28m. (. Ande ACD — J 

This Triangle is made by Problem 17. of Spheric Trigono* 
inetry Geometric, in Page 129. 

1 . For the oppofite Side AC, the Proportion by Ax. i . is thus % 
As the Sine of the Angle CAD, is to the Sine of the Side 

CD i fo is the Sine of the Angle ADC, to the Sine of the Side 
AC 5 That is, 

8. Anele CAD •• S. Side CD : : S. Ande ADC •• S.Side AC req. 
S. 30a. 48m. •• S. ^^. aSm, : : S. 27a. jbnu •• S. ^iid. Q7m. 

2. For the interjacent Side AD9 {tmmt^^ 
lite Side) the ProfHNtion (l^AJfiboai ^ i 
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As the Sine of half the DifFerence of the Angles CAD and 
ADC, is to the Sine of half their Sum ; 

So is the Tangent of half the DifFerence of the Sides CD and 
AC, to the Tangent of half the Side AD : And, 

3. For the third An^le ACD, (having firft found the oppofite 
Side) the Proportion, (by Axiom 2. Part i. inverted) is thus ; 

As the Sine of half the Difference of the Sides CD and AC, is 
to the Sine of half their Sum ; 

So is the Tangent of half the DifFerence of the Angles CAD 
and ADC, to the Tangent Complement of half die Angle 
ACD } That is, 

d. m. d. m. 

, CCAD3048 cj^ CD 3828 

Ang- { ADC 07 30_ ^''^'^ \ AC J407. d. m. 

Sum is 58 18 7 I ^ Sum29.09|Sum 1572 35 7 C Sum 36 17, 
DifFerence 03 18 3 i DifF, i.39|DifF. is 4 21 J ^ i DifF.02 10 
S.half DiEAng. -S. halftheirSum : : T.^DifF.Sides .. T.^AD 
S. Old. 39m. •• S. 29d. 09m, ; : T. 02d. lom. •• T. 32d. 37m. 

Which being doubled ■ — 32d. 37m. 

' I I 

Produceth the Interjacent Side AD 65d. 14U1. 

S.iDifF. Sides. .S.itheir Sum : : T. jDifF. Angles -T-ci ACD 
S. 02. 10m. ••S. 36d. i7mf :: T. oid. 39m. -T. 24d. i6m. 

Which fubtrad from •— -— — god. com. 

■—Ill ■■ 

. Remainder is half the Angle ACD — — 65d. 44m. 
Which being doubled — ■■■ ■ b^d. 44m. 

■ I ■■' I * 

• 

Produceth the Angle ACD to be — 13 id. 28nu 

Note I In the fix preceding Cafes, the three given Terms with- 
out the Quality of a Fourth, are not fufficient, whereby one fin* 
gle Anfwer may be found ; and the Quality of the Fourth is not 
always difcoverable by the given Terms j Therefore they are , 
called the Six doubtful Cafes. 

Problem 9. Cafe 7, and 8. 
Two Sides, and ont Angle between them given ; to find 

1. Either of the other Angles ; 

2. The third Side, or Side oppofite to the given Angle. ' 

Example. Plate 4* Fig. 9. 
In the Oblique Slpheric Triangle ACD, there is - .-' 

[Side - - AC W. c6m. 1 Angle ACD, or 1 . 
Side ^ - AD osd. 20m. > Angle ADC, and > required |.: 
Angle CAD 3od. 46m. 3 Side CD,* is 3 

This 
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This Triangle is made by Problem 18. oi Spheric Trigommetry 
x^eoniitricj m rages 129 ana 130. 

For the Angle ACD, or ADCj the Proportion {hy Axiom 1. 
iParls 1 and 2.) i« thus; 

, d. rn. _ d. m. 

gj-jg r AD 65.20 j Angle CAD 30.46 d. m. 

l AC 34.06 iTheHalf is 15.23^- ^74.37 

Sum of Sides 99 26 j r^.^ \ \ Sum. 49.43 s itsComp. J 40.17 

Differ. Sides 3 i7i4f ^ 'I^iff- I5»37J W-i-'J 

, AsS. i SumAD& ACS.f Diff.: :T.c.4CAD .T-iSumAng. 
A-s S. 49d. 43ra. •• S. i5d. 37m. : : T. 74d. 37m. •• T. 52d. 03m. 

,Then again, 
As S.c. iSum Sides .. S. c. 4 Diff.-. : T.ctCAD : T,,'Siim Aug. 
As S. 4od. 17m. •'• S. 74d. 23m. : : T. 74d. 37m. •• T. 79d. 32ra, 
Ti'o it add the Half Difference found above - - - - 52d. 03m. 

The Sum is the greater Angle ACD ----- 13 1 d . 35m. 

And being fubti'afted, is the lefs Angle ADC - - 27d. 2901. 

Note ; If the Sum of the two containing Sides exceeds a Semi* 
cncle, then fubtraft each Side from iSo Degrees^ and proceed 
with thofc Remainders as With the Sides given j the Proportion 
produces the Supplement of the Angle required to a Semicircle. 

t 

For the third Side C D, or Side oppofite to the given Angle, 
the Proportion (after the Work above is done) may be made by 
Axiom I. Or it may be deduced from the Lord Napier' s CaiboUc 
Propofition (by a fuppofed Perpendicular, let fall from one End 
of the lefs given Side, to the greater Side given, reducing the 
Oblique Triangle into two Reftanjulars) which finds the Side 
oppofite to the given Angles at tviro Proportions, without finding 
the Angles 5 And it is thus^ 

• . I, As Radius \s to the Sine Complement of the contained An- 
gle ; So is the Tangent of the lefs given Side;, to the Tangent 
of a Fourth Arc. 

* > 

Then, if the contained Angle be Acute, fubtraft the Fourth 
Arc from the greater gjveji Si&* but when it is bbtufe from the 
Supplement thereof to a Semi-circle, or i8o Degrees, the Re- 
mainder is called the Refidual Arc \ Then, 

2. As the Sine Complement of the FoiirthArc^ iitoche^inA . 

Complement of the Rifutual Arc ; 
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Sd is the Sine Cpmpkmcnt of the lefs given Side, ta the Sine 
Complement of the Sine re(}uired ; That is. 
As Radios v S, c. Angle CAD : : T. Side AC •• T. Foorth Arc. 
As S. 9od*-»S. 59d* I4n3. : : S*34d. o6m. -^T. 3od. itm. 
which being fubtrafted from the Side AD * - 65d. 20m. 

The Remainder is the Refidoal Arc -- r - 358^ 09m. 

Then, 

AsS.c.4th Arc. - S^c.Refid. Arc. ; : S^c.SideAC./* S.c.SidcCD, 
AsS. 5Qd. 49m. "S. 54d.-5im. :: 55d. ;4m*««S. 5id, 2V^^ 
whofe Complement 38d'il6m.< is the Side CD required* 

Noti'^ When the co«t;atned Angle, and R^cftdttai Arc, are 
each more, or kfs than 90 Degrees, the Side foVgltt is Icfs^ than 
a Quadrant ; but when one is more, and the othcjr kfs, 'tis monf 
than a Quadrantr 

Problem 10. Cafe 9 arid to. 
Two Angles and one Side between tbemgivi^^ 

T find \ '• ^''*''" ^/^^ ^^*^ *'*^ ^ 

*^ ^ I 2. The Angle dppoftte to the given Side f 
, Example; In th^ Oblique Spheric Triangle ACD^ there is? gf^rf^ 



(Angle ACD i3iA» 34111, ISide AC, of 
Angle ADC 27^. 30m. >Side AD, 
Side CD 2|d. 28m. jAngfe CAD 



indt 
i^ 1 



Thia Triangle is made by Problem 19, of Spheric Trigonometry 
Giometricj in Page 1 30. See Plate 4., Fig. 1 0. 

Fot the Side AC or AD, the Proportion by ^iM j. Port i. 
and 1.) is thus; d. m. d. m^ 

Angle ACD 131. 34. | The Side CD 3R.28. 

Angle ADC 27. 30. | The Half is 19. 14,. i. ra. 

Sum ofAnglcs TsgToir 1 t^, , J Sum 79.32 > ^ /s C 10.2S 
Difference is 1^^^^ ] ^^^'^ I Diff. 52.02 \ "' ^^^ 37.5? 

As S- 1 Sum Ang- - S.itheirDiff. : rT.iSideCD-. T.iDiff.Side» 
As S. 79d« 32m. •• S. .^d. cam* .: : T. i9d. i^ntj : T» i^d. 3&n* 

Then agaun, 
AsS.c.lSumAn. •• S.citheirDiff: : : T^SidcCD- - T*. JSumSidcs 
AsS, lod. 28m. '^S. 27d. 58m. : :T. igd. 14m. :'T^49d. 45mw 
To it add the half Difference found; abbve • - - -* I5d. 38111^ 

The Sum is the greater Sidle AD ----- — 65d. 23m, 

And being fubtraded, is the le& Side AC 34dv 07m/ 

Note\ If the Sum of the two given Angles exceed 180 De- 

grees then fubtraft each given Angle from 180 D^grces> and! 

proceed with thofe Remainders as with the Angles given ; thtf 

^ oration will produce each required Side'^Supplemealto a Se^ 

'jTcle, or iSoDcgrecs* For 
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. For the Aiigle CAD-, the Angle oppofite to the gireh Sidfe, the 
Proportion (<after the Work is done) may heby Jxiom j. Or 
from iheCathlic Pt^ptfition (by a perpendicular fuppofed to be: 
iet fidl from the greater given Angle to its oppofite Side) thus ; 

As Radius is to the Sine Complement of the interjaGent Side;: 
fo is the Tangent of the Icfs given Angle, to the Tangent of a 
Fourth Arc. v 

Then, if the interjacent Side be more than a Quadrant; fub- 
tra^l the Fourth Arc from the greater given Angle; butwhea. 
^tis leis, from the Supplement thereof to rSo Degrees, the Re* 
'mainder is the Refldual Arc \ Then, 

tst. As the Sine Conmlement of the Fourth Arc, i& to the Sine 
Complement of'thc R^dual Arc ; 

So is the Sine Complement of the lefs given Angle,- to thei 
Sine Complement of the Angle required. That is. 

As Radius .. S. c. Side CD : : T. Angle ADC •• T. 4th Arc. 

As S. god. •• S. 5id. 32m. : : T. ayd. 3pm. •• T, 24d. 22m, 
which fubtraft from (Suppl. of the Angle ACD) 4.8d. 26m>; 

The Remainder is^ the Refidual Arc ----- 26d, I5iji, 
Then, 
5.c.4thArc»^S.c.Refid*Arc.::S.G.AnADG-S.c.AnCADreq. 
S.67d.49m. •• S. 63d. <.5m. : :S. 62d. 30m. **%, 59d. I'gnK 
whofe Complement 3od. 47m. is the Angle CA0 required. 

Note ; When the adjacent Side and Refidual Arc are each more* 
or lefs'than god. the Angle fought is Acute ^ but when one is 
more, and the other lefs, 'tisObtufe. 

Problem II. Cafeii. Three Sides ghen^ to find any of the Anglesi 

Example. Plat4 ^. Fig. ii. 

In the Oblique Spheric Triangle ACD there Is given; 

■} AD 65d. 20m. > C ACD, or 

The Side >CD 38d. 26m. > Angle < ADC, or 

J AD 34d. 08m. 3 C CAD required ? 

This Triangle is made by Problem 20, of Spheric Trigonome- 
try Geometric, in Pages i;Jo and i^i- 

The Refolution of this,* and the following Cafe depends upon 
the 4th Axiom; and for the greater Difpatch, obfjrve the foU 
lowing Directions,, viz, 

I . Add the three Sides together, and from their half Sum (lab« 
trad the Side oppofite to the Anglie required^ nothii 
snainder. 

K2 
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2. To the Complement Arithmetic of the Logarithmic Sines 
of the containing Sides, add the Logarithmic Sines of the half 
Sum and the Remainder; Half the Total of thefe fouf Loga- 
rithms^ is the Logarithmic Sineof Half the required Angle's Sup- 
plement to 1 80 Degrees, 

The Operation for the Angle ADC, is thus ; 

d. m. 

C DC q8 a6 7 ^u ^ • • c-jo* S S. co. ar. 0.206487 

Side 5 AC 34 08 [The contaimng Sides J g. co. ar. 0.250944 

C AD 65 20 I i Sum Sides 68d. S7m. S.co. ar. 9.970006 

Sum is - 137 54 Remainder is 3(1. 37m. S. - - 8.79Q897 

Sum of the four Lognrithms is J 9.2 2733 4. 
24d. 15m. S, i Sum 9.613667 



Half Sum is 68 57 



Remain - 3.37 

Double it - - - 24d. 14m. 

The Sum is - - 48d. 3Cmi, 
Which fubtraft from iSod. oom* 

Remainder is theAngle ACD 13 id. 30m. 

In like Manner you may find any other Angle by Logarithths# 
Or thus, 

By Gunter's Scz\e^Jhy^ 

I. As Radius, is to the Sine of one oftiic containing Sides; 

So is the Sine of the other containing Side, to a Fourth Sine« 
Then, 

• 2. As that 4th Sine, is to theSincof the half Sum of th^ three 
Sides; fo is the Sine of the Remainder to a fifth Sine; againfir 
which on the Line of verfed Si^ies is the Angle required, 
r That is. 

As Radius •• S. Side CD : : S. Side AC -a Fourth Sine. 
As S. god. •• S.38d. 26^^ : : S.34d.o8m. •• S. 2od. 25m. Then, 
As Fourth Sine.' S. I Sum Sides : : S. Remainder ••a P'ifth Sine, 
As S. 2od.25m. •• S. 68d. S7m. : : S. 03d. 37m. •• S.9d.43m. 
againil which on the Line or the verfed Sines, is 13 id. 30m. thcr 
Angle ACD as before. 

Problem X2. Cafe 1%. The Angles given \ to findaStde* 

Example. Plate ^. Fig, ii, 

. In the Oblique Spheric Triangle ACD ; there is given, 

!ACD 3od. 47m, 1 f CD, or . 

ADC 27d. 30m. [: The. Side{ AC, or . 
CAD i3id. 34m. J I AD, required!! 

This Triantrle is made by Problem 21. oi Spheric TrigonjB^ff 
Geometric y in Page 131. 

Tbi» 
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This Cafe fs Hkewife perform'd by the DIreSions in Cafe 11, 
the Angles being accounted Sides, and the Sides Angles; and 
then taking the Supplement of the greater (given) Angle to 180 
Degrees. 

For the Side AD, the Operat'on is thus; 
d, m* 



Sup.Ang, CAD 48- 26 ? TheadjacentAngles \ \ ^^- ^'' o.iisc)C)t 
j„^A ADQiyjoJ J. ^ (S, CO. ar. 0.335594 

^ I Aa^oj7 I 4SumAng.53d.2im.S. 9-904335 

Sum is " *^^^j^ Remainder 22d. 34m. S. -^ •* - 9.58405S 



Half Sum Is * 53 21 



• Sum ofthc four Logarithms is 19.949979 
• - - - - 70.44 S. half Sum 9.974989 



Remainder - 22 34 

Pouble It ----- - 70.44 

The Sum is - - - - 141.28 Which 
Subtract from - - - 180.00 

Remainder is the Side AD 38.32 

In like manner may any Qther Side be fo«nd by Logarithms' ^ 
Or thus, 

By Gunter's Scale. 

1, As Radius, to the Sine of one of the adjacent Angles (to 
the Side required) fo is the Sine of the other adjacent Angles, t9 
a Fourth Side, 

2. Then, as the Fourth Sine, \s to the Sine of the half Sum 
of the three Angles ; fo is the Sine of the Remainder, to a fifth 
Sine ; againft which, on the Line of verfea Sines, is the Side 
required. 

That is. 
As Radius .. S. Sup. CAD : : S. Angle ADC : a Fourth Sine. 
AsS.god. .-S. 43d. 26m.*: ; S, 27d. 3001. •• S..2od. I3in. 

Then again. 
As Fourth Sine •• S. i Sum Angles ; : S. Remainder •• a Fifth Sine. 
AsS.20d. 13m.. •• S. 53d. 2im. : :S. 22d. 34m. ••65d. oom.. 
Againil which, on the Line of verfed Sines, is - - 38d. 32m, 
the Side AD, as above, 

Note\ When the greatcft Side (CD, which ever is oppofitc 
to the grcateft Angle) is required, the Operation will produce 
the Supplement thereof to a Semi-Circle; wherefore, if it be , 
fubtra^ted from i8od. it leaves the Side fought: Or (bv th« 

K 3 toga- 



heric Tr'igoiitiimtry OM'tquc, 

plement Arithmetic of the Loj 
Sides, add the Logarithm 
aindcr; Half the Total of th^ 
irithmic Sine of Half the requi 

?rAtioii for the Angle ADC, 



tThe containing Sides 



:) I I Sum Sides 68d, S/m. S.d 
4 I Remainder is 3d. 3~m. S. 
7 Sum of the four Lo^rithin 

7 I 34J- 'Sm. S. k * 

- - - 2+il. 14-m. 
is - - 4tiJ. 3rm. 
trad from i8od. 00m. 
ngleACDl^iO. 30m. 
you may find any other Angle B 

By Gunter's Scale, /oy, 
is to the Sine of one oftiic c 
■f the other containing Side, to A 

Sine, is to theSineofthehalfSii 
sine of the Remainder to a fifth I 
: of vcrfod Si;iei, is the Angle rcqf 

deCD : ; S. Side AC •■ aFourth| 
d.26rTi. : : S.34d.o8m. ■ ■ S. 2od. : 
S, -J- Sum Sides ; : S. Remainder 
■ S. 68d. 57m. : : S. 03d. 3; 
the Liiieof theverfcd Sines, 
efore. 

Cafe 12. The J. 
Example. Plate-^ 
e Spheric Triai:_ 
D 3od. 47m. 7 
C i7d. 3010. ' 
D i3id.^ 
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Logarithms) if you omit this Tart of the Operation^ (viz. the 
SubtraSion from i8o Degrees) vou have the Side required. 

So much for the Do£h:ine of spheric Triangles-; the Applioir 
tion follows. 






CHAPTER VI. 

Containing the I^efcription and Ufi of the CMpc%. 

TT Aving finifhed Spheric Trigonometrv, it remains t«' Ihew its 
•** Ufes in Geography, Great Circle bailing, and Aftronomy. 
In order to the.perfe^ Underftandiiig of the(e, it is requifite firft 
to be acquainted with the Nature and Ufe of the Globes, whicji 
I will endeavour to perform with Brevity, and as clearly* as pof* 
fible. t 

Seftion I. The Defcription andUfijfi^l^s in General* 

Definition i^ A »Globe (as to its Name and Fi^re) is fo gcn»-, 
"^ rally known, that 'tis needlefs here to produce, 
a Mathematical Definition of it ; but as to the Kinds of Materi- 
al Globes, and their Parts, it is necciTary fome^hing fhpuld be 
faid. 

2. The Kinds of Glqbes are two.; Tcrreftrial and Cceleftial^ 
which, together with their Appurtenances, are for the lively Re- 
prefentation of the Natural Situation, and Pofition of the £arth 
and Heavens, and are lifeful for th^ demonftrating (by Rcpre- 
ientation and Kefolution of) aixy Problem belonging to the 
Sphere of Heaven, or Earth, either in Gepgraphy, Navigation^ 
pf Agronomy. 

3. The Appurtenances appertaining to Material Globes are 
Six ; the Body or Globe itfelf. Brazen Meridian, Quadrant ol[ 
Altitude and itar Screw, hour-Circle and Index, Wo6den Frame 
or Horizon, and Brafs Semi-Circlc of Pofitign ; all may be ufed 
with either Globe 3 yet the lail being of Icaft U.fe, may »beXu{^ 
plied by the Quadrant of Altitude. 

4. The Body, or Globe itfelf, is an Emblem of H^ven* or of- 
Earth s on which are drawn diverfe Lipe^ and Qirc;^^ ufci&ll 
and proper for the Explication thereof. • , 

5. 'The Brazen Meridian, js the Ring in which tlie,^Q}obe 
hangeth, and turneth upon its Axis, being two Wires ifljriog^ 
from its Body; ^nd is divided into •foiu' Quadrats, eafhi^ Dc« 
grcesj and ngured xo, ao, 30, ^c logo. 
T 6. The 
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6. The Quad raru of Altitude is n narrow diin Siip of Brafs 
9vi]th a Notch, Nut, ai>d Screw at one End ; 'tis divided intb 
9od. wbicb by Rotatioir defcribe the Altnicanters, or Cifdes of 
Altitude, and the Edge reprefents ai> Azimuth Circle. 

7. The Hour Circle is jsl flat Rit^gof Brafs, fo contrived, thirt 
ft may be took off, and fixed about eitlier Pde of the Globe ; 'ti« 
divided into 24 Hours of a Natural Day ; each Hour is divided 
into Halves and Quarte^^ to this belongs an Index having a 
found (f o!e at or^e End, to fix it on the Axis of the Globe. 

8. The Wooden Frame, or Hori^oi?, is circular and flat, in 
which the brazen Meridian doth move through two Notches, di« 
^metric^ly oppofite, and alfo in a third Notch made ip a Central 
f^iece of Wood or Brafs at the Bottom of it : On the upper Part 
is a Calendar, Shewing the Day of the Month, Sun's Place in 
f he Ecliptic, the Rumbs, or Points of the Compafles, i^c. 

9. The Scmircircle of Pofition, is a Semi-Circle of Brafs,; the 
upper Side is divided into 180 Degrees ; it ferveth to meafure 
ipiftaiices, either qn the Terreftrial orCcelefli^J Globe. 

Seaion 11. The DefiripitM and U/e 0/ the Terreftrial Globe. 

'T'HE Terreftrial Globe, hath on the Superficies of it's Body, 
* the whole p'orm and Fafhion of the Earth and Sea, defcri- 
bcd^ with the Circle of the Sphere, as Equator, Meridians,. 
Tropics, tf^<. 

In order to a clear underftandipg the Ufe of this Globe, ob* 
ferve thcfe following Geographic ]>efinitions. 

1. The Earth, together with the Sca^ compofeth that round 
Body caUeJ the Orb, or Globe of the Earth, which is circum- 
fcribed by Lines Real, and Imaginary. 

2. The Real Lines, are fuch as agree with the Terreftrial Globe 
by ^ ature, and To divide it into Continents, Iflands and Seas : 
The Imaginary Parts, are fuch as are applied to it by Virtue of our 
Underftanding ; and not being materially fuch-i are fuppofed to be 
0s\ the Earth : Thefe imaginary Lines arc either ftrait or circular. 

3. The Axis, is a ftrait Line imagined to pais through the 
Center of the Eartht the extream Points are the Poles pn which' 
%hc world is fi^pofed to move ; one called the Artie, or North 
Pole 4 the other the Antartic, or South Pole; 'tis reprefented by 
the Wires on which the Globe turneth. 

4. The Circular Lines, are either greater, as the Meridian, 
Horizon, Equator i or lefs, as Tropics, Polar Circles, Paral- 
lels .of Zjatitifde. 

K 4 5. Mft* 
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5. Meridian,' is a Circle paffing through the Poles of the 
Earth, the Zenith and Nadir; croffcth the Equator at Right 
Anglc«» anddivideth the Earth into two equal Parts \ one Eaft, 
the other Weft : It is fo called, becaufe wheix the Sun cometl^ 
to the Meridian of any Place, 'tis then N«on, or Mid-day there ; 
they are infinite in Number, for all Places frona Eaft to Weft 
have their feveral Meridians. 

Qfthefe, one is called the Firft, or Chief Meridian, from 
which the Longitude of Places is reckoiiM ; 'tij of fpecial Note 
and Ufe, but varioufty placed by Geographcirs ; 'tis frequently, 
reprefcnted on the Globe by a double Line paffing th.r'ouejh th6 
Poles, and is Divided into twice 90 Degrees, numbered^ from, 
the Equator towards each Pole/ ending in g^o Degrees. 

6- The Horizon, is that Circle vhich comprehendeth all that 
Space of the Earth which is vifible, and dittinguifheth it from 
that (lying under the Horizon) which is Invifibfe, 'tis either Sen- 
fible or Rational. * 
. The Senfible Horizon, is that apparent Circle, which extend* 
itfelf quite round about us, dividing the Heavens and Earth into. 
two unequal Parts 5 and being limited by the Sight, is ibmetimea. 
greater or Icfs, according to th^ Situation of the Place. 

The Rational Horizon, is a Circle dividing the Heavens and 
Earth into two equal Parts, whofe Poles are the Zenith and Na- 
dir : By this Circle our Days a;id Nights are meafured, and the 
diverfe Rifings and Settings of the Sun, Moon, and Stars, da 
appear : 'Tis reprefented on the Globe by the upper Part of thci 
Wooden Frame. 

NeU\ The. Meridian and Horizon, are moveable with the 
Mutation of Places. 

7. The Equator, is a Circle ui^der tha Equinoctial- in the Hea^ 
vens, compailing the Earth in the Middle between its two Poles, 
dividing it into two equal Parts, called the Northern and South- 
ern Hemifpheres ; from it, the Latitudes of Places are rec^koh^di^ 
either iNJorth or South ; This Circle is reprefented on the Globe; 
by a double, or treble Line,* divided into 360 Degrees, are num- 
ber'd lo, 20, 30, ^c. from the Left-hand towards the Kight» 
till it end in 360 Degrees, but upon the modern Globes, gradua* 
ted from the firft Meridian, both Ways, 10^ 20, 30, (^c. until 
both Graduations meet in i8od. at the oppofite Part of t(ie-Me- 
ridian. 

This Circle is called Equator, becaufe when the Sun comei 
to it, which is twice a Yeaf , {viz. about the 21ft of Aiard^ at 

hU 
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tiis Entrance into Aries ; and again into Libra, about the 23^. 
pf Septajmbery he makes, equal D^ys and Nights throughout the 
World J And upon it is writ in Capital Letters, Lineafut Mqui* 
vo^iali^ or' Lima Equina^iath, 

8. The Lcfs Circles dcfcribed on Globes, are called Parallel 
Circles, fome of which have particular Names, as Tropics, and 
Polar Circjes. 

9. The Tropics are two, being parallel to the Equator and di- 
ftant from it 23d. 29m. That on the North Side of it, i^ called 
the Tropic of Cjyicer, at which the Sun hath its greateft North 
peclination ; then maicipgtous (and all Plaoes in. North Lati- 
tude) the longcil Day, and fliortett Night ; which is about th^ 
21 ft at Juni\ the other on. the South Side, is called (he Tropic 
pf Capricorn, at which the Sun hath his greateft South Declina- 
tion, making then our fliorteft Day and longeft Night, which is 
^bout the 22d of December \ thefe Tropics have their Names 
thus, IVopicus fub Canero, and Tropicus fub Capricorno. 

10. The Polar Ci^'cles arc two^ being alfo parallel to the 
Equator, and compafling the Poles of the World, at 23d, 29ii|» 
Dirtance ; that about the North Pole is called the Artie Circle^ 

nd the other the Antartic-Circle, and are writ thus, Circulus 
Ub Artico Polo, and Circulus fub Antartico Polo. 

Thefe Tropics and Polar Circles divide the Globe of the 
Earth into five Parts, called Zones, of which three were ac- 
counted by the Ancients to be fo intemperate as to be uninha- 
bitable, thefe Zones are called Torrid, Frigid, and Temperate ; 
that is, one Torrid or burning Zone, two Temperate, and two 
Frigid 5r Frozen Zones, 

11. The Torrid Zone, is all that Space of Earth and Sea^ 
which layeth between tjie Tropics of Cancer and Capricorn. 

12. The two Temperate Zor\es, are contained between each 
Tropic apd a Polar Circle, 

13. The two Frigid Zones, are contained between each Polar 
Circle and its Pole ; that is, one within the Artie Circle^ and 
the other cncompatfcd by the Antartic. 

Thus much of the Imaginary Lines, and Parts of the Earth : 
The real Parts, are Earth and Water, in general divided into 
four Parts or C^a^tcrs, called Europe^ Afia^ Africa j and America \ 
each of thefe, and con fcquently the whole Globe, is divided into 
Continents, Iflands, aiid Seas. 

14. A Continent, is a great Quantity of Land, not divided by 
the Sea, wherein are feveral Empires, Kingdoms, and Countries 
^ ' conjom d j 
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iBonjoined ; as Mun^pe^ Jfia^ axui Jfricm^ is one ContiAcnt^ an4 
Jbaitica is aaother. 

15/ lAn Ifland, is a Part^of the Earth that is envifpned «r etu 
^ompa^ed round by the Sea \ as Qtut-Briidin^ and al|p Ir^iand^ 
fic. sac Iflands. 

In Conriaeots^ and HtandSi are.tbeTe Farts ob&rvabie^ vizt 
Ttmnfula^ IfihmuSy and Promontory. 

16. Pininjula^ isiuch a Pact pf Land as is alnioft environec 
round with W^ter, and i^ joined tp the Laiid by an liUunus, a 
' Ihe Moirea in the U^wnt.. 

J J* An (fthmusy is a narrow Neck of Land between two Seas 
ivhifh jolneth the Peninfuja to die Continenlt, as Qorinth ii 
(Sract, 

18. A Promontory^ is a high Hilly. Mountain, or Cape of Land 
|hat fliooteth itfclf into tihe $ca ; As Oaftedf Fndty and the Qapi 
ff G(tod Jiofe in Africa. 

19. h Piacfy in fcfpcS to Ac Heavens^, is either Eaft, Wefl 
/lortb, or South* 

j^ ThoTe Places are (aid to be Eaft^ which }ie in the Eaflcn 
Eie9U^li<:re (xenninated fiy the Eifft Merid'^ui) or where t^ 
Sno rifeth. 

And thofe are Weft, which lie Wefterly of the (aid Mw4iart 
pr towards the getting of tl)c Sun. 

Thofe Places are properly North,^ ud^ich lie betwixt the Equa 
tor and the Artie Pple. 

And thofe Places are South, which lie hetwiaj:t the Eqiiato 
^nd the Antartic Pole ; 

But according to general Acceptation, Places a^ faid to b 
Nortji or South, according as they are fituate to tl^e Northwar 
'or Southward of the Equator, even to each Pol<?, 

The Ancients have divided the Inhabitants of the Earth intc 
Pffiesti^ AiHtarci^ and Antipodei. 

20. The Peria^eiy are fuch who live under the fame Parallel, bu 
in oppofite Points of it ; that is, they are in the fame Latitude. 
Jbiit their DiiKerencc of I,ongitude is |8o Degrees. 

21. The Antiady are fuch as have the fame Meridian, and 
.cq^ially dlAant from the Equator, but the one North and the 
^thqr South ; ^that is, two Places in one Longitude, and each ii| 
^qual^ but contrary Latitudes. ' 

%%• The Antipodes^ arc fuch as jnhabit two Places of the Earth, 
which are diametrically oppofite j that is, two Places whofe Difr 
feri;m:e of Latitude and l^ifFerence of Longitude are 99ch 180 
Degrees, and fuch walk: Feet to Feet. . 
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Tiie £apth» being encpft^z/fiA witii Wal^c» *who& Wafliings 
in fiirrQuii4i^g the dry jLa^, cut o\it a^d (h^ .maaj windiiif 
Bays, Creeks^ and mcAnidrbig.lidet?^ giviog Teniuoation$ to th« 
Four Regions of the Earth, and extending itfelf round tiiieoi a^K 
is but Cine <:Qntinued Occ^^o* Wiiesefioiie^ 

The Watcr> is eithv Oces^ Sca«^ Straicsj Cwcjpa, {4afc|^ Hi- 
.yers, Bays^ bfc. 

23. The Ocean, is ^ genersU ^Q]k&iM9 qr fiL^d^^<>iv.Qf a^ 
Waters. 

24. A Sea, is a Pait ^ tbe Ocean, to which we inuft i^l thrt/ 
Xome Straits ; as the M^i^Urrmpt^n^ and Biahic £<«. 

25. A Strait, is a jpitfrpw Pajt of the Oc^aii, iying betwixt 
two Shores, and opening a Way into fome Sea ; a3 tj>e Straits ojr 
Gibralter^ that leads into the Meditjgrrfiuean Saa \ and the Sounds 
which leads into the Boluc Sea, 

26. A Creek, is a ilpall nanHPw Part of the JSea^ or River^ that 
goeth up .but a little Way into ^thf Land. 

27. A Bay, is a great Inl^t of die £>aud^ as the Bay of Bjfcag^^ 
and the Bay of Mexico ; ^therwift a Bay is a Station, or Ro«l 
for Ships to anchor in. 

28. A River, is a finaU Fl\i.x of Water^ flowing within the 
Land, courtino; the Banks, "wbilft they ^heir Arms diiplay, xm 
^mbrace her Silver Wayi?s^ • 

29. A Lake, is that whicl^ cpntinually retains and keeps Wa- 
ter in it ; as the Lake Zair in Jfricay and Lake Nicaragua in 
Aimrica. ' • 

30. A Gulpli, is an Inlet of the ^.and, deeper than a Bay, as 
the Gulph of yenic/f^ the Gulph e^ Fiorida ; in which are fwift 
;iud rapid Currentis. 

Of the Noma of iht Ocean* 

31. The Ocean,' according ^o the four <jKiarters, had four 
N:imesi as* the Eajlern or Oriental Ocean \ t)\Q Wejiern or Oc- 
cidental Ocean^ the liforthern or Septentrional j and the Southern or 
Meridional Oeian : But befides thcfc, it hath other particular 
Names according to the Continent it boundeth, and the Nature 
of the Spa; as it lies extended towards t^e Eaft^ it is caljed 
the Chinefe Sea, From the adjacent Country of China ; Towards^ 
the South, it is called Oce^nus Indicus^ or the Jndian Sea: Where 
it waflicth the Coajft of Perfta^ it is called ^tan Pcrjicum \ In, 
like Manner, Mare Arahicum from Arabia j and fo tp.wards th^ 
"iVeft, it is the Etbiofian Sea. 

Then 
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Then the Ailantk Ocean; from ^/&j a Mountain in y^r/V<7 ; 
but near to America^ it is Called by the Spaniards^ Mar-dei-Nori \ 
and on the other Side of America^ it liB Mar-del-Zur^ or Mare 
Pactficttm, 

Where it touches upon Spmn^ 'tis O^eanus Hifpankus ; by the 
EngUJhy the Bay of Sijcay\ betweert England and France^ 'tis call- 
ed the Englijh Channel ; between England and Ireland^ the Injh 
Sea, or St. George'* $ Channel ; between England and Holland^ by 
fome the German^ but rather the Bntijh Ocean ; Northward of 
Siiflandy *tis called -^<!?r^ CaUdonium ; more Northerly, 'tis the 
Hyperbarfan, or Frozen Sea ; more Eafterly, 'tis the Tartar I n 
Sea, or Scythian Ocean, ^f. Thus much for the Nanies of the 
Ocean. Next, 

Of the Names of the Seas. 

32. The Baltic Sea^ by the Dutch the Oo/i Zee^ lying between 
Denmark^ Sweden^ and Germany^ whofe Entrance is called the 
Sound. The Mare Mediterraneum^ by the Engli/h the Straits ; by 
the Spaniards^ AKar^del Levant ^ t\i^ Entrance whereof is called 
the Straits of Gibraltar : Then Pontus Euxinus^ or the Black Sea^ 
to which joins Patus Meotis^ now Mar-del-Zabeche \ Then the 
C fpian^ or Hircanean Sea : Then the Arabian Gulf^ Mare Ru^ 
hrutHy or the Red Sea: And the PerJiamGulfy or Gulf de Elcatiff^ 
&c. 

Of the Divifion of the Earthly Globe. 

33. The Globe of tjic Earth (as was faid before in Def. 13.) 
is divided into four Parts, z;f%. Europe^ Afia^ Africa^ Ametica, 

34. Europe is bounded towards the North by the Northern 
Ocean, or Frozen Sea \ on the South by the Mediterranean Se'a^ 
lying betwixt it and Africa 5 on the I^alt with the River Tanais ; 
and on the Weft by the Weftern or Atlantic Ocean j whofe chief 
Provinces are, 

Poland^ 
lienmark^ 
Portugaly 
Greece^ 

The principal Iflands are, 
^ Great-Britain y Ireland, Sardinia^ Sicilfy 

Corficay Candia^ Negropont^ Cyprus. ' 

35. Afiay is bounded on the North with the Northern^ anj 
Tartarean Ocean ; on the South with the Arabian Gulph^ or 
Red Sea ; on the Eaft with the India Ocean j aiid on the W^i^ 
with the River Tanais. 

The 



Mufcovia^ 


Sweden^ 


Korway% 


Germanv^ 


France^ 


Spain^ 


Ita!y, 


Hungary^ 


Sclavoniq^ 


Dalmatiay 


Romania^ 


Part of Tartaria. 
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The . chief; Regions are, 

. Turijf in Jjfiaf jtrnbiay ' Tarfaria\ ... Perfidy 

Natotia, Mefopotamta^ Afjyrta^ ChaUUa^ 

Syria^ Arnunia^ Pdeflina^ Ge9rguL^ 

MediHy Parthia^ China ^ • ' Intbd^ 

The principal Iflands are. 

Japan^ Sumatray B^rtuay tac^ in the Oriental Ocean. 

Cyprus, Rhodes^ in the Mediterf'anean. 

Mttelino^ Scioy Samos^ &c. in the Archipelagus* 

36, Africa is bounded dn the North with the Mediterranean^ 
on the Eaft with the Red-Sea^ on the South with the Mthiopid 
or Southern Oce^n, and an the Weft with the Atlantic Oceaitv 

The principal Provinces are, 

Mgypt^ Barbary, Mmomotapa^ 

De erts of Xara, Hegroland^ Biledulgerid^ 

Nubtay Cuineyy jEtbiopioj or Abyjjfmia^ 

It's Iflands are. 

The Canary Iflands, Cape dt Verde Iflands, 

The Iftcs of -//z^r^f, Madeira Idv^dsj m 

St. Thomas, Madagafcar, or Su Lawrenci^ 

Malta ^/m the Mediterranean^ St ^ Helena. 

37. America^ is bounded on- the North with the Northern 
Ocean, ort the Eaft with the Atlantic Ocean, on the South with 
the Magellanic Sea, and on the Weft with the South Sea, or Mat 
del Zur: It is divided into two Parts, viz. Nexicana, and Peruana, 

Mexicans, or North AmericOy hath thefe Provinces ; 
New Spain, Terra Florida, Carolina, . f^irginia and 
Mary 'land. Penftivania, New-Jerfey, Neiv-Jork, 

hlew-England, New^France, Greenland, whether Continent 

or Ifland is not yet known* 

The chief Iflands of Mexicana are, 

JJland, or Iceland, California, but New-foundland, Bermudas, thii 

by lat«ft Accounts feems to be a Peninfula. 
Peruana or South- America, hath thefe Provinces ; 
Terra Magellanica, Bra%iiia, Chili, The Amaxons, Guiana^ 
Peru, Panama, Carthagena, Per ague, or Rio- de-la- Plata. 

The prrndipal Iflands of Peruana, arc. 

Terra del Fuego, Hifpaniola, Cuba, Jamaica, Port Rico, Bahama^ 
Bermudas, Barbadoes, ahd the reft of the Car ibbee- Iflands, Uc* 
Molugue or Moluca Iflands, Java-Majof, Java the lefs, and*^ 
many 6ther Iflands in the Eafi-Indies. 

Havins:^ 
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Having defcribed the Lmes and Girbfeh and the Parts belongs- 
ing to tl» TerreftlFid Gl^be^ the Uftr drall tak^ in tke foUbw- 
ing Ffd&tems. « 

Problem &• To find tb^ Latttudi ofanf Place upon ibi Ghie^ 

The RkU. Bring the propofed Place jiift nrider the Brafs Meri- 
dian^and note what Degree (on the fsud Meridian) ftandiagainf!: 
it, which is the Latitude thereof. Or thtis. 

With a paiv of CbmpaiTea, take the neafeil Diftaiice fmm the 
propofed Place (oii theGl(rt>e) to any I^aratlel of-Latitude, and 
ky it on the graduated, or iirtt Meridian from the faid Parallel,, 
the fame Way the pFCipdfed Place iietb from k, the other Foot 
fheweth the Latitude required; 

Example. Ltt it h required to Jlnd ibe Latitude of tbfljizzxi 
in England ? 

Turn- the Body of the Globe 'till the Lizard be juft under the 
Brafs Meridian, and you'll find 49d. 57m. right a^nft it) which 
is the Latitude of the Lizard. Or thu^^ 

Take the tiearcft Diftance (on the Globe) from the Lizard* t6 
any ParalleJ of Latitude; apply the fame to the graduated Meri- 
dian, and it fheweth the Latitude /^gd^ 57^1. as before. 

Note^ All thofe Circles on the Globe, which are parallel to 
Ae Equator, arc called Parallels of Latitudie. 

Problem 2. Tofnd the Longitude of any Place on ibe Globe. 

The Rule r. Turn (as before) the Glob^ 'till thepiopofeci 
Place lies juft tinder the Brafs Meridian^ and there keep it ftcady. 

2. Then obferve what Degree of the Equator lieth imder thd 
'Br^ik Mefridlan, and that's the Longitude required. 

Example. / demand the Longitude of the Lizard in England I 

Bring the Lizard under the Brafs Meridian, and then the Brafs • 
Meridian cutteth the Equator, in iSd. 22m. the Longitudb re^.. '_ 
quired. 

Note^ The Giobes formerly made in England begua Longitude 
at dhe Meridian of the Ifland of St. Michael^ one of the Wefterir 
or jizore Ifles, which is Weft from the Meridian of London (a^« 
cording to the Mariner's Compafs Reflificd,. and alfo the Mari- 
ner's Calendar) 23d. 36m. 

And accordingly the Lizard's Longitude is 5d. I4tn« Weft 
from London : This Difference in th« Longitude of Places, ii oc- 
cafioned by the different Beginnings of Longitude by difieitnt 
Authors, which the Student is ddu^d ;dd confider. 

Problem 
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Problem III. Tpfind the DiJIartee of any two Pht:s M tt^ GloUi. 

The Rule, t, tay the beginning of thi P^ss:ices en the Qua- 
drant of AfthUde, upoi> one of th^ propofed Prace^, and count 
how many Degrees oft h are cdntauiea fetwrctn boCh Placdi, 
Which is the Diftance required. * 

2. Thofe Dearees bcing.miiltiplyecl By 60 for Nautic, ind 70 
for Geographic milesy the Produi^. is the Diftance iii Minutes. 
Or thus. 

Take the Diftarice het^veen the two Places with a Pair of Com- 
paffcs ; then meafiire that Diftaftce on the Equator, coiHiting 
the Degrees intercepted betw^a bothFeetj and it will fliew the 
Diftance required. 

Note J The Diftance foundf by this Problem^ h the ihoirteff Di- 
ftuhce ; or their Diftance in the Arc 6f a Great Circle, which ist 
lefs than their Diftance in the Riimb, leading from oiie to thtf 
other ; e^dcept both Places lie under one Meridian^ or in thd 
Equator. 

Example. / demand tbt Dijiancg between the Uzard^ anduba^ 

IJland £/*Barbadoes. 

If you lay the Edgeof the Quadrant of Altitiide on hothPfaces^ 
and the beginning cf the Degrees of it on one of theplades^ yrjtf 
will find on tlie Quadrant of the Altitude 57 E)cgreei^ httercepte J 
between them, which is the Diffarnre ; and being multiplyed by 
60 or 70, gives 3420 Nautic, or 3990 Geographic Miles. 

Problem 4. To find the Angle of Pojkion ofPldcesr\ that /V, The 
Angle the Arc of a Great Circle^ f^ffi^g over iioo given P laces y 
makes with tbt Meridian of either of ihenii 

The Katie, i . ReSify the Body of the Globe to the Latitude 
0f one of the given Places. 

2. Bring the fan>e Place under the Brafs Meridian, and there 
ftay the Body of the Globe. 

3. Screw the Qpadrant of Altitude faft on the Brais Meridian, 
right over the faid Place. 

4j Then lay the graduated Edge of theQiiadrartt of Altitude 
to the other Place^ and the faid Edge will cut the* Horizon in the 
Degree of Pofition required. 

Example. Let it be required to know th^ Angle of Pofition of 

JBiarbadoes /r^OT the Lizard. 

I. Bring the Lizard to the Brafs Meridian, and there refting 
the Body <^ the Globe, you will find the Latitude of the Lt%ard 
tobe4gd. 57m, 2. Move 
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2. Move the Brafs Meridian (keeping the Body of the Globe 
fixed as befbrfe) higher or lowers Until 4(5d. 57m. on \\ do cut the 
Horizon (on the .North-fide thereof) then is the Globe recEiified 
to the latitude oF the Lizard: The like you niuft do in iredlify- 
irtgthe Globe for any other Place, pr Latitude, 

^. Screw the QuaJfanl of Altitude to 49d. 57111. oh the Brafs 
Meridian, which is juft over the Z./z/?f7/, (iftheGlobiebcnot re- 
tiirned from it's Pofitioh as in the firft Step hereof,) and turn the 
graduated Edge of it to harbadoes^ the faid Edge will Point on the 
Horizon to 69 Degrees South Wefterl^ ; which is the Angle of 
Pofltion of Bairkidoes from the Lizard \ that is, the Angle, the 
Arc of a Great Circle, pafling through or over the two Places^ 
nlake^ with the Meridian of the Lizard, which is not the Rumb, 
Jcadine from the firft to the fccond ; for, if you rectify the Globe^ 
to the Latitude of 5iir^tffi^5/j, and To proceed as before di^e6ted^ 
you will find the Angle of Pofition to be 38 Degrees North Eaf- 
terly, the Pofition of the Lizard from Barbadtcs^ ¥/hich is 31 
Degrees lefs than the Pofitioii of Barhadbes from the Lizard \ 
whereby it appears neither of thefe are the true Rumb, or Point 
of the Compafs leading from one Place to the other t For yoii 
are to Note j 

1. That the Rumb-lines, or Poitits of the Compafs, makc^ 
equal Angles with all Meridians on the Globe. 

2. That an eflual Segment^ or Part of the f^id Rumb^ chahg- 
eth, or alteretl/ the Latitude in all Places equally. 

3. That the Rumb-lines. though continued ever jb far, do not 
pafs into, or through the Poks, but wind atouf theni 'tilt they 
lofc themfelves. 

4. Thcfc Rumb-lines are reprefented upon the Globe by thofe 
Spiral-Lines, which you fee are 32 in Number, meeting in a 
Center, where there is a Plower-de-Lu'ce pointing to the North } 
frbm whence they run winding about the Globe, and contintid 
inclining towards the Pole, where they feem confufcdi 

Problem 5. Two Places being given ; to find their Rumby Bearings 

or Courje in Sailing f torn one to another^ 

thi Rule, I. Having found the two Places on the Globes fe^ 
what Rumb Line pafieth through both of them, and that is the 
Rumb, or Courfe from one to another. 

2. If no Rumb-Line pafs through both Places^ then ofefciVe 
that which runneth parallel to both Places, and that is ^ Rttmb^ 
or Courfe froq> one to the other. ' 

Example 
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Example t: I denied the ^Courfe from the LbiBard .to Cape 
Cod in New England f 

On the Globe you Will find fliefc Places to lie on the W* bjr 
S. a^d E. by N. Rumb Line, and therefore the Courfe from the 
lsi%arj to Cape Cod^ is W. by S. and cohfequently from Cape Cod 
to the Lizfird E. by N. 

ExampU a. I demand the Courfe from the Lizard^ to the 
Ifland Barbadoes? 

Here no Rumb Line on the Globe pafleth over them ; where- 
fore look for a Rumb to which the Place lies moft parallel, and 
you'll find it S. W. halfV/". the Courfe from the Lizard to Ifland 
Barbadoes '^ and N£. half £. from. Ifland Barbadoes to the Lizdrdi 

Problem VI. Courfe and Dtftafice failed being given \ tofindtbe 
Differ tnce of Latitude and Difference of Longitude. 

The Ride. i. Make a fmall Mark on that Rumb Liile (which 
is the given Courfe) in the Latitude of the Place you fail from^ 
bring that Mark to the Brafs Meridian^ and it cuts the Equator 
in its Longitude. 

2. Take the'Diftande failed from the Equator, and lay it on 
the faid Riinib, from the forefaid Mark; at the Termination 
thereof make another Mark* 

3. Then bring this Second Mirk to the Brafs Meridian, which 
is the Latitude of that Place ; and then the Meridian cuts thei 
Equator in the Longitude of it^ 

4. Having the Latitude and Longitude of thofe tWO Places 
inarked in the Ruihb Line, by Sabtraftion yoii may find their Dif- 
ference of Latitude and Difference of Longitude, and it is done* 

Example. Suppofe a Ship fails S, W. by W* 200 Leagues^ or 
10 Degrees frbm the Lizard: I demand her Difference of Latitude y 
tind Dfference of Longitude j or what Latitude and Longitude Jhe is 
in ? 

1 . Make a Mark on the S.W. by W. Rumb, juft under 49d. 
57m. (the Lizard* s Latitude) and thdn the Meridian cuts the 
Equator in 5d. 14m. XV. the Longitude of that Mark. 

2. Take 10 Degrees from theEquator^ and lay it on the SW. 
ty W. Rumb, trom the Firft Mark to the Second Mark. 

^ 3. Bring; the fecond Mark to the firafs Meridian^ ^nd the Lati- 
tude of it is44d. 40m. the Latitude the Ship is in, and in the 
Equator the LoQgitiide of it is lyd; 59m. W. by SubtraSion, the 
Diff of Lat. is sd. 17m. and Diff, of Long, is i2d. 45m. Longi- 
tude in this, and all the fucceeding Problems being eftimated 
dbm the Meridian of London. But here you muit note : 

• L naty 
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Thaty The Diftancc (ailed intircly taken^ and laid on the 
Rumb, is the Diitancc in the Arc of a Great Circle, and not 
really in the Rumb \ for the Diftance in the Great Circle is al- 
ways lefs than the Diftance in the Rumb : Wherefore, the better 
Way will be to take i, 2, 3, or tor fome fmall Number of) De- 
grees of the Equator ; and run that Diftance (in the Compafles) 
over, upon^ the Rumb Line from the Firft Mark to the Second ; 
and in fo doing, the Diftance is more truly Jaid^ then by taking 
it at once. 

Problem VII. Both Latitudes and Courfe given \ to find the Di^ 

Jiance and Difference of Longitude » 

The Rule, i . Turn the Body of the Globe 'till the given Rumb 
doth cut the Brafs Meridian in the Latitude you depart from, 
and there make a Mark on the Rumb, and at the fame Time, fee 
what Decree of the Equator is cut by the Meridian ; for that is 
the Longitude of this Mark. 

2. Turn the Body of the Globe *till the fame Rumb cuts the 
Meridian in the Latitude of the fecond Place, and there make an- 
other Mark on the Rumb ; then fee what Degree of the Equator 
is cut by the Meridian, which is the Longitude of the fecond 
Mark ; and the lefs Longitude fubtradled from the greater,, gives 
the Difference of Longitude required. 

3. The Diftance between the two Marks on the Rumb Line, 
being meafured (according to the Note in the laft Problem) on 
the Equator, gives the Diftance of the two Places. 

Example. If a Ship fails SW. bv W. from the Lizard^ 'till by 
Obfervation fhe is in Latitude 44(1. 40m. North ; I demand her 
Diftance failed, and what Longitude fhe is in ? 

1. Bring the SW. by W. Rumb to cut the Meridian in 49^* 
57m. the Lizard's Latitude, and make a Mark on that Rumb 
there, then the Meridian cuts the Equator in 5d. 14m. W. the 
Longitude of that Mark. 

2. Turning the Globe 'till the SW. by W. Rumb cuti Ac 
Meridian in 44d. 40m. the Latitude of the fecond Place, and 
making there a Mark on the Rumb ; then the Meridian cuts die 
Equator in i7d. 5Qm. W. the Longitude of the fecond Mark; 
and therefore the Difference of Longitude, is I2d. 45m. Weft ; 
which being adding to the I-rongit^ide of the Lizard^ ^A. 14m. W. 
the Sum is i7d. 59m. W. the Longitude the Ship is in. 

3. Take 2 Degrees from the Equator, and run over that 
Diilancc in the Compafics upon the Rurnb^ from th*lfffl 

Mark 
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Ms^rk to die Second^ and 'tis fiv^ Times, which is lod. or 200 
liOagpes, the Diftance failed on that Rumb* 

PtoWem VIII. Having tin Latitude^ and Longitude the Ship is in 
given ^ tefind the Place where the Ship it in^ en the Glebe. 

• • 

7he Rule. !• Bring the Longitude to the Brafs Meridian, 
and there ftay the Body of the Qlobe. 

2. Where the given Latitude cuts the Globe, make a Mark on 
the Body of the Globe, which Mark is the Place of the Ship a( 
that Time. 

Example. If a Ship fails S.W.ly, from the Lizardy and after 
fbme Time is in Latitude 44d. 40m. Longitude lyd. 59m. W. 
I demand the Place of the Ship on the G^be ? 

1. Bring I yd. 59m. W. on the Equator to the Brafs Meri- 
dian, and,there ftay the Globe. ' 

2. Juft under 44d. 40m. N. on the Brafs Meridian, make a 
Mark on die Body of the Globe, and that is the Place of the 
Ship at that Time. 

Sedion III, The Defcription 9f the Coeleftiai Globe, 

^T^ H £ Cceleftial Ghhe reprefents that glorious Canopy, fo richl/ 
^ embroidered, and befet with thofe fparkling Diamonds, that 
upon the dufky Cheeks of the Night hangs as rich Jewels in an 
Ethiopian's Ear ; having upon its Convexity artificially placed all 
the Stars, correfpondent to their Natural situation in the Con« 
cavity of the Orb, which we call the Starry Heavens. 

2. The Appurtenances belonging to this, are the fame with 
thofe belonging to the Terreftrial Globe ; and being before de- 
fcribed in Sedion I. of this Chapter, I refer you to it. 

3. On the Body of the Globe, befides the Conftellations, 
there arc- drawn diverfe Circles; as the Equinodlial, Ecliptic, 
Colures, Meridians, and Circles of Longitude: All thefe are 
called Great Circles. The Icffer Circles are the Tropics, Polar 
Circles, and Parallds cf Declination. 

4. The Equinodial in this, is the fame with the Eauator in 
the Terreftrial Globe, and in the fame IV&nner divided, and 
number'd from the Left-hand towards the Right, with 10, 20, 
30, tf r. to 360 Degrees. 

The Poles of the Equinoctial are alfo called the Poles of the 
World, and are reprefented by the two Wires on which the Body 
cf the Globe turneth. 

Lz 5.T\» 
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5. The Ecliptic is a ^W Cifclfe Which croffeth the Ei|iii- 
Tiotix^A in two oppofite joints, Che Begtanixiff of Ari^- ani 
Libra 4 it is divided ipto twelve (equal Parts called) Signs, each 
tOrttaining 30 D^re^s, andiigiireil ft^mdieLeft-hancreoliftod^ 
the Right, 10, 20, 30 ; then -lO, 26, 30, &^r» shaving the Figure, 
CbaraSer, and Name of each Sign, as foUoweth ; 

ff 

jtries ri fi»rb ii 

This Circle with its figures and ' Charailcrs, ircohtfoA 
"Globes- but the Ctdeftial hath the 'Images and Namdsi of the 
Sisns^ which the Terrcftrial hath not. 

Under this Circle the Sun movesm his Annual Courfe ; but 
the reft of thePJanctslraye their Deviations 'from it; for whidh 
Reafon Aftronomers have affigned eight Degrees on .each Side 
the Ecli{>tic, makingtthe whole Latitude to be 16 Degrees, which 
BreStdtli is called the Zbdiac. 

The Zodiac is not drawn on the Globe, only imagined by two 
Circles paralleHothe-Ecliptic, at eight Degrees DilkncefiTom tt, 
dn each Side thereof. 

The Poles of the Ediptic, are two oppoiite Points, each 23d. 
29m. diftant from its correfpondent Poleof the World : In th^fe 
the Circles of Longitude all meet, and xiear each is writ.'Polus 
Eclip.icus. 

6. The Meridian^ are the feme as before on the Tcrreftria! 
Globe, only with this Differtnce, on this they are drawn thno* 

.every 30 Degrees of theEquinoftial, oti that through* evtsry i^Jth 
Degree of the Equator ^ in both they all meet in the Poles of 
the World. 

7. The Colures, are two Meridians, cutting each Dther^at 
Ri^ht-angles in ithePolesof the World, dividing the £qfuiiiciftial 
and Ecliptic into 4 equal Parts; fhe one paiTeth thro' -tbe- Be- 
ginning of Aries and Libra, the twoE^ainodial Signi; Aere« 
Tore called' the EquinoAial Colure; and on the Globe it it 'dii* 
"vidcd into Degrees, Tmmbered from the Equinodial Uth^Wsys, 
'10, %0>t 30, fefr. ending in 90 at each Pole of the 'World :It 
• generally fa^th thefe'Wt>rds near it, Colonu Equinoftiaiitm. 



' Theiother pafletb through the ^egitmlog of Cancer and Ca-^ 
pricomv the two SoJAiiN^ Signs, ilJ^ceforp callod tfif Solftiti^ 
Gohire : TJu3 paflfeth tl^pugh <KeP<^ of the Worldi aad ft>les 
of the JEdiptic : 'I'is 4ifttngUiUbed 90 ^e Globe bjr tbefe WordSi^ 
Colonu SolftttioruiQ* ^ 

' X. The HorizDn is » great Circle ^cideg. diltatit from the Ze- 
nith) 9nd Nadir, cutting all Azimuth Giii^les at Rigkc-Angles, 
^nd divided the World into two equal Parts, the upper andrifi- 
h'lc Hemifphcrc, and the Ipwer and invifibk : 'Tis reposfented 
bv thQ-upp^f ^i^<^ of the wooden Frame^ on which is'a doubld 
Valehdar of Months and Days» according to the Old and News 
Stilc, with th^e Wi^d^ or pQint$ of the Qom^afs, and a Circle of 
Sigii$ wjth their I^Qerecs. 

The ^enitb, mid N?dirvare two Poi^its 4iametricaIIy oppon 
fite^ anfl lire the Poles of thq Horizon : The Zenith is the Verr 
tical Poinil, oc Point over Ifead } the Kadii h dlrcdly oppofite 
thereto. 

9. Th'c Azimuths or Vertical Circles, are Great Circles inter- 
fe£tij;Hr'c|cli other in" the Zenith and Nadir, and cutting the 
Horizon at Right-Angles ; thefc Circlet are not drawn on the 
Bfojy of the Gl<Ae; burkre reprefepted by the Quadrant of AltU 

tu Je when 'tis fcfew'd in the Zenith, 

'. » 

10. Circles of Longitude, are great Circles interfering each 
other in the P^I^s of the ^liptic, and cut it at Right-Angles : 
Thefe are reprefented by the Quadrant of Altitude when it is 
fcrew'd over the Poles of the Ecliptic ; and on the Body of fome 
Globes^ i2of thefe Circles are drawo^ pj^ng through the B^« 
gioning of the twelve Sigiys. 

■ ^ Thus much for the gr^t Circ]£s» 

Thi Dsfiriptm of the Left Circles. 

Lefs or Small Circle, are thgfe which divide the Globe into 
two unequal Pai^s, and when parallel to fome great Circle, 
are called Parallel Circles, and are of three Kinds, Wz. Parallds 
of Declination, Parallels of Altitude, and Paiallels of JLatltu^e, 

1 1. Parallels ^f Dediivition, are parallel tp the EquinoAial, 
imagined to p^fs thrpv^h every Degree and Minute of the Meri- 
dian, between the Equmodlial and each Pole of the World, and 
$he fame with the Parallels of Latitude on the Terreftrial Globe, 

The Tropics and Polar Circles, are Parallels of Declination, 
and the fame as before in the Defcription of the TerrciUial Globe, 
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' 12. Almic^ters, or Parallels of Altitude, are parallel to the 
Horizon, imagined to pafs through ever|r Degree and Minute of 
an Azimudi Circle, and alfo of the Mendian of a Place, between 
the Horizon and the Zenith of that Place : Thefe are defi:ribed 
by the Divifions or Graduations on the Quadrant of Altitude in 
its Motion about the Body of the Globe^ when it is fcrewed in 
the Zeiiith of any Place. • 

13. Parallels of Latitude, are final! Circles parallel to the 
Ecliptic, imagined to pafs through every Degree and Minute of. 
the Colures, or any Circle of Longituae, between the Ecliptic 
and the Poles thereof: Thefe are reprefented by the Divifions of 
the Quadrant of Altitude in its Motion round the Body of the 
Globe, when it is fcrewed over the Poles of the Ecliptic. 

Having defcribed the imaginary Circles of the Cceleftial Globe^ 
we proceed now to the Defcription of the Stars, thofe glorious 
Diamonds, fparkling in the immenfc Expanfion of theTirma« 
ment, encircling theTerreftrial Orb -at unmeafurablp Diftances^ 
which for Multitude feem innumerable, 3ret the greateft and 
more vifible may be numbered and named: And for this Purpofe 
Aftronomers (for Order and Method-iake) have reduced many 
Stars into one Imase or Conftellation, the better to know where 
to find them ; and being found, how to exprefs them, 
i 14. The Number of Conftellations commonly drawn on the 
Body of the Cceleftial Globe, are 66, and are as followeth : 



The Northern Conftettatims art 23, vi«« 



J. Urfa Minor 

2. Urfa Major 

3. Draco 

4. CepheiiS 

5. Bootes 



6. Corona Borealis 

7. Hercules — • 

8. Lyra 



9. Olon^ or Cygmu 
10. Cajpopeia 



% I . Perfeus^ and Caput 
Mtdufes 




12. Auriga 

13. Serpentarius 
1 4* Serpens 

15. Sagitta 

16. Aauila 

17. Antinous 

1 8. Delphinus 

19. Equuleus 

20. Pegafus 
2i« Andr9meia 
22. TriangmUm 
23* Coma Berenuee 



Stars 

14 
23 

14 

5 

9 

7 
10 

5 

^3 

aj 

3 
Iff 
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The Zodiacal Conjlellations are i2> viz. 



.!» AriiS 

2. Taurus 

3. Gmiui 

4. Cancer 
5* Leo 

6. W/^^df- 



Stars 
16 

• 32 

• 24 
16 

33 
39 



7. Libra 

8. Scorpio — 

9. Sagittarius 
io. Capr^cornus 

1 1 . Aquarius 

12. P//rrj — 



Stars 

. JO 

26 
29 

21 

34 
34 



In all 



3^4 



The 'Southern' Coftflellaiiofis are 30, Wz. 

* 

Stars 



3. FlunUn Eridanus 
4* Lepus 



Cams major 



!• Citus • ■ ■ — 26 

2. On>« •— ■ 39 

43 

13 

^3 
Cants minor y or Canicula 2 

II 

8 

7 

30 

22 



I: 

o* iJa^«r CoroUnum — 
9« Hydra 

10. Cr^/zr 

11. Corvus 

12. Centaurus 

13. Z^irf 

14. Croferoy or Crojien — 5 

15. ^/i, or the iAftfT — 8 

1 6. Corona Aufirina ■■ ■ 10 



17. Columbus 

18. P//i/j Aiiftrinus — . 

19. Gr«x < 

20. Pb^nix 

21* /ff^ 
22. P^TV^ 



Stars 
10 
II 

^3 
12 

12 

16 



23. -A//i Indicay Touehan — 7 

24. Jpus mufca • 3 

25. Chamaleon ■ 10 

26. Triangulum Jujirale — 5 

27. Pi/ciV Volans ■ 7 

28. Doradoy Pj/cis J^ratus 7 

29. Apousy Anfer Americanus 10 

30. Hydra^ Serpens Aujirina 10 

In all 439 



The Sixty-fixth Conftellarion (lying near the Urfa Mojor) was 
added by Sir Charles Scarborough^ and called Cor Caroliy being one 
Star in a crowned Heart, and compleats a Catalogue of 1 1 37 fixed 
Stars as above: But this Number is now largely increiifed by the 
Obfervation of our modern Aftronomers, as may be fecn in the 
Flam/leadianCztzloguCj which contains about 3500, forming fe- 
veral new Afteirifms, and are dlllineuifhed into fix Degrees of 
Magnitude, or Bi^nefs : The biggeft, and brighteft are called 
Stars of the firft Magnitude ; tho& next inferior in Bignefs and 
Brightnefs, are Stars of the Second Magnitude, (ifc, upon Stars 
of the Sixth Magnitude. Tbefe feveral Magnitudes are exprefled 
on the Globe in their feveral Forms, as may be feen in a little 
Table placed on the Globes^ and intitled Siellarum Magnitudinrs. 
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Seft on IV. Tl.f Ufe »f tbt Coeleftial Globe. 

TjEfc re the working of any Problem on this Glofce, ft will be 
" n* ceffary to ex'paaih fevcral Tcphpical Terms made' ufe of 
in Ailronomy and Geography^ as contained in thefe following 

Definitions. 

- . 

1. Altitude, is an Arc of an Azimuth Circle, contained be- 
tween the riorizon and any Parallel of Altitude : *Ti8 counted 
on the Brafs Quadrant of Altitud^, whif:h reprefcnts any Azi- 
mu.h Circle on the Globe. 

2. Afcenfion, is the rifiii^ of the Sun or Stac^* or any Part of 
the £quino£lial aboye the I^ri^on ; and Defcenfion is the Set- 
ting thereof. 

3. Right Afcenfion, is an Arc of the EquifioAial, ihtercepled 
between the Beginning of Aries, and any Mferidiah, and counted 
according to the Order aiid Succcffion of the Signs ; or, 'tis tbat 
Degree and Minute of the Equinoftiail, (counted 2$ before) Which 
cometh to the Meridisui with the Sun^ StSf , 5r with any Pdint of 
the Heavens. 

4. Oblique Afcenfion, is that DegrdS afid Miiinte of thti Eqiii- 
jioftial, (counted as before) which rKcth with the Center of the 
Sun, or Star, or with any Point of the Hea^iiS ; ahd Oblique 
Afcenfion is the Scttihg thereof.' 

5. Afcenfional Difference, is the Diflfeflfffce between fhe Right 
and Oblique Afcenfion, or Defcenfioit; 6f, it is the *Space of 
Time the Sun Rifeth, or Setting before, dr after Six-of the 
Clock. '■ , 

6. Amplitude, is an Arc of the Horizon coinprchehded be- 
tween the true Eaft or Weft Points of it, arid the Center bf the 
Sun, or Star, at their Rifirig or Setting. , , 

7. Azimuth, is an Arc of the Horizon contained between the 
Meridian of the Place, and an Azimuth Circle paffing througl^ 
the Cceleftial Objeft. 

8. Declination, is art Arc of the Meridiart, comptehendci be- 
tween the Equirto£tial, artd the Center of the jSun or Stal-, or aii^ 
Point of the Heavens : It is North Declination oh the Norm 
Side of the Equinofiial, but South Declination when oh Ac 
South Side thereof ; and is counted on the B^afs Meridian on the 
Globe, pr on the Equinoftial Colure. 

g. Hour of the Day. or Night, is an Arc of th6 Eaoindfiiil 
qoritained between the Meridian of the Place, and another Mletfn 
(lian paffing through the Center of the Sun at any Time : This v^ 
counted on the Brafs Hour Circle, which is divided into the I4 
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Hours ^ the EXay atfid Night% and fiatihr arlfftffc^ finals' Index 
^inttrip to tbe^ ay the QidS^ A funded abji^? ;- 6if it h doiuited 
^n the E(j.ufind3;ial^ Reokoiring i^jdi «6 aif HdiA". 

10. Latitude of a Comet, Planeif, i^ Stsf, i^ ^ Ar6' tf k 
Circle of Longitude, conuincd between the Ecliptic and the 
Coineiy f hctidt or Star*^ Gchtar } thk far (!e^M( orf {h« Btk6 
Quadrant of Altitude, wkeft fisA^'d bVer the Pole of the Eclip- 
tic, for- then it rcpcefentsa ^rc^le qif Longitude.. 

1 1.' Latitude of a Place, or Latitude upoi>^he E^MTthy is an Afc 
of the lV!(endian of that Place, contained between the Eauator aiid 
tjbat Place'; e^ual to which, is the Height of the Pole (of the 
World) above the Horizon. This ip cpunted entile firafsMi* 
ridian of the Globe; or may be counted on thegraduatedlllerr- 
diah on the Bbd;^ of th* Globe ; 

So that Latitude in the ^eavefts,* at<d Latitude 6fl the Eartl/, 
are different diing^ \ one berng n^ Ahe of )v Circle df Longitude^ 
and applicable to all Cceleftial Ob're£ts eXc^-^t the Sitn, Whit^^ 
hath no Latitude ; the other an Arc of a M^rJdhnfj tad appUdl>- 
ble to Places on the Earth. 

12. Longitude in the HetrexYs, i»sln ANif^tA^Ei^Kjpti^, cMtt^ 

Erehended between the Beginning of ArieSy and that Ciide of 
rongitude which pafleth through the Center of the Siih, S^tar or 
any Point of the Heavens, and c6uiited atcdr^g to the Succef- 
iion of the Signs. ^ . 

13. The Place of the Sun, dr of a Star, with refpeft td flie 
Ecliptic is the Sign^ (and Degree, and Minute of that Sign) 
the dun, or Star is in. 

t4. Longitude of any Cceleftial ObjeA,. from the near^ft 
£quino£tiaf Point is how many Decrees tad Minutes, the Suti 
or Star is from the Beginning of Aries or Libra, either before fk 
after them ; which can never be more than 180 Degrees. 

15. Longitude on the Earth, is an Arc of the Equator, c6ftl- 
prehended ^tween the Meridian of any Place, and that Meridiaii 
where Longitude takes its Beginning. 

So that Longitude \i\ the Heavens, tad Longitude on the £artlL 
are very different; one being an Arc of the Ecliptic, the other 
an Arc of the Equator. 

16. Meridita of a Place, is that Meridian whiph paiTeth 6ver 
the Zenith of that Place ; to which when the Sun cometh, 'tis 
either Noon or Midnight ; at the Firft, l^p is at his higheft Al- 
titude above the Horizon ; and at the Lift» he xi at toe lowdl 
Depreffioq for that Natural Day. 

In 
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.. :In likc;Manner, any Star or Planet coming to the Meridian of 
anv Place, is then at the highest Altitude, or loweft Depreffion. 
Thefe Things being well confidered, the following Problems 
jriJl be the .better i^n^lerftoodw 

Froblem 9. fUiJba^ 0/ tbi MoTtib giv$n : Tit find ibt Sun^s Place 

. iHtbiEclifiic. 

The Rul^ i.Setk: thfe Day* of the Month, (in cither Ac- 
v^iifkt^ according to the Julian or Gre^rian, as you find them 
flacrd in the Calendar) on the upper Side of the Horizon. 
•2. Right againft it, in the innermoft Circle, irrfieSign, De- 
and Minute, the Sua will be in that Day at Noon. 



* ' Example. TTie 8th Day of January in the Julian^ or the 19th 
the Gregerian Account^ I demand the Sun's Place in the Ecliptic ? 

kight agyinft the 19th of January^ in the Gregorian Calendar, 
^n the innermoft graduated Circle, are 20 Degrees of Capricorn, 
JA which Sign and Degree the Sun will be on the faid 19th of 
January, New Style, or the 8th of January, Old Style; the 
ISbe Method to beobferved for any other Day. 

Problem lO. How to reSl'fy the Globe for any Latitude^ and to male 
"*. it fit for Ufe at itny given Time. 

The Rule, i . The Globe being placed in the Frame, bv putting 
,lhe Bra6 Meridian into tl\e two Notches, that are in tne North 
and South Parts of the Horizon, fo that the graduated Side thereof 
lie towards the Eaft, and the North Pole towards the North Part 
iof the Horizon, the Globe alfo retting in the Notch, that is in 
the Bottom of the Frame; move the faid Meridian higher or 
lower* till the given Latitude in it doth juft touch the upper Part 
of the Horizon, on the North Side thereof, if North Latitude; 
but the South Side, when South Latitude. 

2. Place the Brafs Hour Circle about the Pole, fo that.the 
liours of 12 and 12 lie dirCiSly over the graduated Side of the 
Brafs Meridian ; and put the little Index on the-Axis, fo that 
it may move about freely as you turn the Globe ; then doth the' 
iUpper 12 on the Hour Circle reprefent 12 at Noon, and the low- 
er 12 at Midnight; and all the other Figures, the correfpondent 
Hours of the Day and Night. 

' /J. By Problem 9. Find the Sun's Place according to the eiven 
Time; then feek the Sun's Place in the Ec4iptic, on the Body 
of the Globe, and bring that Degree to the Meridian ; there ftay 
the Globe, and then turn the little Index till it points juft at the 
upper 12 in the Hour Circle* 

Thus^ 
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Thus is Ac Globe ix&iffd to the given Lstittid^ aiil theHcmr 
Circle and Index to th^ given Time,. viz« the Nam ofidiat P«jr^ 

Example, At London the 19th of January^ NiW^StiU^ I would 
have the Globe reAified lit for Ufe. .. ^ • .* ^ • «.. : >. ? 

1. Moye.tl^e Brafi Meridim.'till 5 id. 31m* thereupon, yoA 
touch the North Part of the Horizon, ' ' . ^ 

2. By problem 0. . The, 5un's Place is. 29d. in \0«, which. Ins- 
mg found iii the TEcliptic oh the Globe; bring It to theBrafe 
Meridian, and there fdling the'Globe, turn the little Index to 
fhe Upper 12 in the Hour Circle ; and fix it fo, that it-maympve 
freely with the Globe, and 'tis done. , . 

Problem xi. TbtDaj oftbi Month ghin ; to find the San^s De^ 

clination. 

* ■ < 

The RuU I. By Problem 9. Find the Siin's Place in tbc^ 
Ecliptic, on the Wooden Horizon. 

2- firing the Sun's Plape (in the Eeliptic, found by Prob. lo.^ 
on the: Globe) to the Brafs Meridian, on which, and right o^ 
ver the Sun's Place is bis Dedinaticm'/equired. 

Example. The 19th of Janmuyy Nm^SiUi i I defire to know 
the Sun's Declination ? 

I*. The Sun's Place in the EdiptiCf foir the igth of JaMuary^ 
(found by Problen^9.) is.29d. in >>• 

2. Brin^ 29d. inlf^ (in the Ecliptic on the Globe)„tothe 
Brafs Meridian, and then right over it (on the Brafs Meridian) 
is 2od« 20m. which is the Sun's Declination, South decreafing* 
Or thus, 

. X. With a Pair of CompaiTes take the neareft . Diftance from 
the Sun's Place in the Ecliptic 29d. in XP» to the EquiiioAial 
on the Globe. 

2. Meafure that Diftance on the Equinoflinal Colure (if gnu 
duated) and it fhewtththe Declination 2od.'20m. as before. 

Problem 12. Tbe Day of the Month givon ; to find the SuiitSjgho 

Afanfion. 

The Riik. X. As before, find the Sun's Place, in the £cGp« 
tic, by ProUem 9. ' 

2, 6rinR the Sun's Place (as is direfled in Problem 1 1.) to the 
Brafs Meridian ; look what Degree of the Equinodial is cut bj 
it, and that is the Sun's Rieht Afoenfion required. ' 

Example. The X9th of January ; I demand the Sun's R:ght 
Afcenfion. 

I. The xoth of January^ his Pface in the Eeliptic is 2Qd. *'ii 
Xp% by Problem 9. 2. Bio 
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Problem 13. The Latitudi vf a Ptdci^ aniiBi Day dftbe Month 
i^-giv^t^ fidib^Tinu'9fih^Suffr;ibJ^ StiOnfi and his Am- 
plitude f 

. Tit MuU. I. fte^itj; tdic Olo^ (by Problem loth, lit for 
Vk) acconllng ta tbe giveA Latitude* and given Time. 
. .2^;firifi^ the &un*s Place ut the Ecliptic {pa thei Globe], down 
to the Horizon on the Ball Sldiq thereof^ andtbentjtfeelktle Index 
will point to the Sun's Rifiiig in the Hour Circle ; and the Body 
Qf the Globe flayed there^* look what Degrees of the. Horizon 

i counted from tne Eaft point thereof) ftandeth right Vgalnff his 
lace (in the Ecliptic on th'eOTobc] that is the Sun's Ampli- 
fMB ** ms Riling. 

In like manner, turn the Gtebe 'trfljFOu brifig^the SunV Place 
f6 lie eVeh Witfr the Weft Side off the "S^zoflvllvjring the Body 
^the J91e^be there ; tiMi wttt th^ Snd^^dlnt M>his^ Setting, and 
againft his Place on thttOldbe, Hafkttfth' hid' Atfiplituie' (on the 
Ifori«dh)coumedf«*n-»lhe^WeftiPWht thereof. ' 

* ,■•■■• I • 

. • " « i • > ■ 

< Eicmplt. The r<f^^ Jdnuarjikt thffth^ tt Sdeitiand fh'e Tfmc 

of the S^n> Rifing and Settj^lg, 'asidhis Antptitude? 

<•■.-.■ ■ • - /■ 

^ .i.'Thc Globe heiag elevated to tB&- tfiftitude of 5xd. 31m. 
hiAkf, 29d. in "V)), to. the Brafs Meridian^ and fix the Index at 
tfte upper 1 2, then 'tis rcdlified to the given Latitude, and given 



a. Bring 2od« in, >}9, to the Eaft Side of the Horizon,^ and 
ftaying the Globe there, the Index points to 7 Hours 3 quarters; 
that i^f 3 (juarters after 7 is the Sun's.Rjfix\g ; and ^inft zgA* 
in 1}>, 16 33d. ^m. on the. Horizon, (iTfom the £w towards 
the So^th) which is the Sun's Amplitude at Rifing. 
' In like manner turn ihd Globe 'till ybu bring 2qd. in \y^ to the 
Weft Side of the Horizon, and the Index Points to a quarter after 
4^ which is the Sun's Settings and ia the Hocizon you havejiis 
Ampliti|de (the fame as before) 33d. 50m. from the Weft (to* 
irardt the South} which is the Sun's Aniplttnde at £ettiDg. 

■ I ■ ■■ ■ 

Problemj4. Thi iMiitndi of g.Pkei^ awd the Dtytof ttijkbftfi 
: ghun ; tafind tie Sun's Ohliftio J/cinJkn,And DefcenfiThf 

The Rule. i. ReSify the Globe to the given JLatitndc, and 
fiptf 'the Sun's Place in the EcHpticfov th^- given Time* 

a. Bring 
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^. firiBffthe.Sun'$:Pkee in the Ecliptic An (b? Globe, to the 
£aft<fide o? the UoriEoo, ^nditheo fc.e wtuit De^e of .^eCqui- 
no^ial .is xmt fay the.Horji;»on» aiu} .tha^ is the JSw's. OttB^uiB 
Aiceoiion. 

3. In like manner bring the Sun's Place in Hbe'EqlipHc to.|ta^ 
Weft Sjde-oftbe'Honzonyand it fliewetb.his Qbliquc'DeTcenfidii. 

Example, 'fhe feth d Tebruary^ NiM^ik^ at L9ndon; iit|- 
^andthe Sun*s OblLquc AicwiApn c^dJOefcejifipn ? * * 

1. ^Re^ify the GJcOie^to the given Xatltudpv^iil. 2i^m*4t9i!^xir 
ii^ .to Problem. 10. 

2. Bring i7d. 30m. of « (.the Sun's Place tor the l6th oTT^- 
briary ) to theEaft Side of the Horizon, and then it ciits jIm? £- 
quino^iial in 3^od. «2om. which is the Sjun's Oblique Afceh^oii. 

3. Briiig i7xl- 36m. of s« to the W^ Side of the Horizon, jt 
cuts the'Eqinodlial in 299d. 15m, which is the Sun'^ OUlQUC 
Defcenfion. 

Prob, 15. The Latkudi of a Plnce^ and Day of the Month given ^ 
to find the SurCs Altitude^ and Azimuth at any Time of the Day^ 

The Rule. i. RedlTfy the Globe and Hourlndex, asbefQi^, 
in Problem 10. 

2. Screw the .Quadrant of Altitude in the Zenith ; »wblch I 
call reifying thexQuadrant of Altitude to the Latitude of the 
PJacc, 

3. Turn the Globe 'till the Index point to the given Hourpf 
the 'Day, and there ftay the Globe. 

4. Move the Quadrant of Altitude, till the graduated Edge of 
it lies iufton the Sun's. Place in the Ecliptic on -the Giobe, and 
.there ftay it. 

5. Look what Degree on the Q^iadrant of Altitude is agai^ft 
the Sun's Place, and that is the Sun's Altitude. 

'6. Look what Degree of the Horizon is cut by the-grad liated 
E^ of the Quadrant of Altitude, counted from the North, jor 
-from the South, and that is the Sun's Azimuth. 

Example, On the 21ft of Decembir^ m the Latitude .of 20d. 
izm. N. at half an Hour paft Nine in the Morning : I demand 
the Sun's Altitude, and Azimuth ? , 

I. The Globe being reftified (by Problem 10.) turn it. about 
*till the Hour index points to half an Hour after 9 in the Moon- 
ing, and there ftay the Body of the Globe. 

jt. ScwwtheQuadrantot Altitude onr2od. I im. (on.theBrafs 
Meridian) which is the Zenith, jor>Di£buice of ..that Place frbm 
'i^.&luino£lial. 

Notes 
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' * 1^1} In fcrcwing the Quadrant 6f Altitude on the Brafs Me- 
jX^aii you muft put the Screw Side of the Notch, on the Back- 
fide diereo^^ and put It blofe ddWn ; fo clofe to it, that the thin 
plate may be. as near the Body of the Globe as poffible ; yet fo as 
not to obftruft his Motion. 

Alfo mind that you fet the floped Edge of the Notch to the 
Latitude of the given Place. 

3. Bring the graduated Edge of the Quadrant of Altitude, to 
the firft'Scruple of-V)), the Sun's Place {TorDicmber the 21ft) in 
the Ecliptic, and then on the Quadrant of Altitude (aeaitnft it) is 
34.d. I cm. his Altitude at Half an Hour paft Nine of the Clock 
in the Morning. 

4. And the Quadrant of Altitude cuts the Horizon in 44d. 
nearly from the South Eaftward> which is the Sun's Azimuth at 
the (anie Time. 

Frob* i6. The Latltudi of a Placij the Day of tbi Afonth^ and Sun*s 
Altitude given ; U find Us Azinrntb^ and Sour of tbe Day ? 

The Rule. i. Re&ify the Globe, Hour Index, and Quadrant 
' of Altitude, as before, 

2. Turn the Body of the Globe, and move the Quadrant of 
Altitude, till you bring the Sun's Place to the Ecliptic to lie juft 
under his Altitude on the Quadrant ; there ihiy them both. 

3. Then wil} the graduated Edge of the C^adrant point out 
the Azimuth in the Horizon from the North, or South 3 and 

the ladex fheweth the Hour of the Day ? 

• 

Example. At London the i ith of Augujt^ in the Forenoon, the 
Sun's Altitude being i id. 30m* I demand fais Azimuth, and 
Hour of the Day? 

< I. The Globe being Re£bified to the Latitude of Z^ni^iy, 5 id. 
31m. N. alfo the Hour Index placed to Noon with i8d. 30m. in 
€^ the Sun's Place for the i ith of Auguft^ brought under theMe- 
ridian, and the Quadrant of Altitude fcrewed m the Zenith ; 

2. Then move the Globe and Quadrant of Altitude, 'till you 
bring i id. 30m. on the latter to lie juft over i8d. 30m. of ^ in 
the Ecliptic, and there ftay them both. 

3. Then doth the Quadrant of Altitude, lie right aninft Sod* 
in the Horizon, from the North towards the Eaft, and the Sun's 
Azimuth, is near about E. by N. 

4. And then the Hour Index points to 6 Hours nearlyt that is. 
Six of the Clock in the Morning* 

Problem 
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Problem 17. The Latttudi &fa PUdy the Day rftbi Months aki 
Sun's Aximutb given ; to find bis Abitude^ ami tiiur oftbg Doff 

T%iRuIi. i/ReAify the Globe, Hour Index, and Qua^ 
drant of Altitude, as bef(Mre. 

2. Turn the Quadrant of Altitude, to the given Azimuth, in 
the Horizon^ and there ftay it* 

3. Then bring the Sun's Place in the Ecliptic (keeping the 
Quadrant of Altitude fixed) to the graduated Edge thereof, (which 
is alft) before fet to his given Azimuth ; and ftay the Globe theie. 

4. Then doth the Ecliptic cut the Quadrant in the required 
Altitude, and the Index fheweth the Hour of the Day defired*-: 

ExampU. Ar Barbadoes the 17th of OSfoher^ the Sun's Azi« 
muth in the Afternoon, being SfF. balf W. or 5od. 30m, 
Soutb JVefterhf ; I demand his Altitude, and Hour of the Day ? 

^1^. Obferving the aforefaid Diredlions, and turning the 
Globls, and Quadrant of Altitude towards the Weft, you will 
find the Sun's Altitude to be 55d. 45m. and the Hour of the Dqf 
44m. after i in the Afternoon. 

Problem 18. Tbe Latitude efa Place^ the Sun*s Altitude and An^ 
muth given ; to find bis Place in the Ecliptic^ and Hour of the 
Day? 

The Rule, i . Rf&ify the Globe to the Latitude, and fcrew the 
Quadrant of Altitude in the Zenith. 

2. Turn the graduated Edge of the Quadrant of Altitude to the 
given Azimuth, in the Horizon, and there ftay it. 

3. Turn the Body of the Globe (without ftirring the Quadrant 
out of its Place) 'till the Ecliptic cut the Quadrant in the given Al- 
titude ; which will then cut the Ecliptic in the Sun's Place required. 

4* Then turn the Sun's Place tp the Brafs Meridian, and rec- 
tify the Hour Index to I2. 

5. Turn back the Sun's Place to the graduated Edge of die 
Quadrant (it being in the fame Place, that is, at the given Azi- 
muth as before) and then the Index will fliew the Hour of the 
Day required. 

ifote ; In turning the Globe accordinjg to the third Step in 
this Rule, the given Altitude in the Quadrant will cut the 

Ecliptic 
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Ecliptic in two feveral Signs, and yet the Hour of the Day fought 
^ the fourth Step^ vriilpe U^e&me; fo that unlefs the Month 
bejpLv^^ .the Sun's Place cannot be determined. 

Exampli. At London^ the 19th oijum^ the Sun's Altitude be-' 
ing49d.4om. and liit Amimuth S. '6o<l. i5in. Ea/terfy: Idc« 
mand his Place in the Ecliptic, and the Hour of the Day f 

Anjiver. The Sun's Place is nearly 28d. in n, and it is 29m. 
after 9 in the Mprn^pg, the loth.of 7««# at London^ Alfo the 
^unV Altitude and Azimuth oeing the fame, his Place may be 
-iibout %A. in S, and yet the Hour the fame, on the 23d. of 
Juniy by the Method ufed in the 4th and 5th of laft Direaions. 

Ifcii\ All thefe Problems may be wroueht, having the Sun's 
Declination given, inftead of the Day of the Month, as may be 
feep in the ne;ct Problem. 

]^roblem 19. The JL^tit^di 9/ a Place^ the Deelination and Jltiiude 
iff the §un giv^n ; ^0 find the J^imutb and H»ur of tig Day f 
ThtRule, I. Re£tify the Globe to the given Latitude, and 

t^ Quadrant to tl^e Z^enith as before. 

a. Bring the £quino^ial Colour to the firafs Meiidian, and 

vth^n j(bt tJ^Hqur }/>dex to the upjpcr 12 \ which is re^ifying thtf 
Globe when the Declination is given. 

3. Move both Globe, and Quadrant of Altitude, 'till the given 
.'Altitude on the la^tter it\eet with the given Declination In cbe 
.EqujiM^iiil (^li^c on the former, and there ftay:them both. 

4. Then doth the Quadrant cut the Horizon in the Sun's Azi-» 
muth, and the Index fheweth the Hour of the Day required. Alfo, 

.tt thie /a9ie Time, the Brals Meridian cuts theJEquino&ial in fo 
many Degrees (counting from the Colure, allowing X5d. to an 
Hour) as tbe required l\our jof the Day is, cither before or aftef 
Noon. 

£,3^njpb.:iit Lomdsn^ the Sun's Declination bong ikA. lyn* 
Norths and his Altitude iid. 30m. in the Morning : Ideniaiid 
his Azimuth and Hour of die Dav ? 

Jinfwer. The Sun is £• by N. and the Hour ncaf about Six 
o' Clock, orood. of the £quino£lial are intercepted between tbc^ 
-EquinofUal Cfoluie^d Brafs JMeddaan ; which makes .6 Qours 
fiaom Noon, at which T^me the Sun is Weft in the Afiemooif* 

In likeflianner may any i)f the precflding Pxoblcma be wrowgh t^ 
obferving the following general Diredions. 

X . CdMat^e Latitude x>n the Sr^fi Meridian. 

2. The Declinatism on the Colure from t^e Equiiuifiial, .ti- 
i|^ Northward or Southward, according to its Name 

3. The Altitude on the Quadrant of Altitude. 

■ 4- 
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4. The Azimuth on the Horizon^ from the Brafs Meridian to 
the Quadrant of Altitude. ^ 

' 5. And the Hour (from Noon in Degfees) on the Equtnodi-f 
al, froih the Equinoctial Colure to the brafs Meridian. - 

Then having any three of thefe Five given, the Other tWQ 
may be found, which I leave for the Learner's JExercife. 

Note I All the foregoing Problems, may be wrought on either 
Globe J but the following only on the Cocleftial Globe. 

problem 10 • To find the Declination and Right Afcenfion of anf 

fixed Star, 

The Problem. .1. Bring the given Star to the Brafs^Meridian, 
and there ftay the'Globe. , 

2. Then the Center of the Star cuts the Brafs Meridian in it*i 
Declination, counted from the Equinodtial either Northward, or 
Southward. 

3. Aind the Brafs Meridian cut^ the £quino£tial in it's Right 
Afcenfion, counted from the Beginning of Aries^ according tb 
the Succeffion of the Signs* 

Example. I demand the Right Afcenfion and Declination of 
Aldebaranj or Oculus Taurij the BuU's-Eye. 

4nfa)er, According to the Dii*e£llorts above, you* will find it** 
Hight Afcenfion 65d. 25m. and it's Declination near I5d. fSm^ 
North. 

Problem il* To find the Latitude^ and Longitude of a Star. 

The Rule. I. Bring the Solftitial Colure to the Brafs Meridi- 
an, fo that the Pole of the Ecliptic on the Globe may be juft un- 
der 23d. 29m. on the faid Meridian, and there fix the Body of 
the Ulobe. 

2. Screw the Quadrant of Altitude juft over the Pole of the 
Ecliptic. 

3. Brine the graduated Edge of the faid Quadrant to the Cen- 
ter of the Star, and there ftay it. 

4. Then the Star cuts the Quadrant in it's Latitude, and the 
Quadrant cuts the Ecliptic in it's Longitude, 

Example. I demand the Latitude, and Longitude of ArlfuruSj a 
Star of the firft Magnitude in the Conftellation Bootes ? 

Jnfwer. This Star'$ Latitude is 3od. 57m. N. nearly, and it's* 
Longitude 20d. 24m. in Libra^ or 20od, 24m. from the Begin- 
ning of Aries i and fo for any other, as in the following Table^ 

M St^irt 
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Y" * > — 



.•»^ 



Stars Names 



P-ole Star, or Nor, Star 
La(l in Kudanus Al- 

carhar',- - . • - 
Whale's Jaw^ Cetus - 
Buirs Eye, AJdebaran: 
Capella, V Auriga's 

left Shoulder 

Orion's left F6ot,Rigel 

Orion's right Shoulder 
Great Dog, Syrius - 
Little Dbg, Procyon - 
Hydra's Heart, Alphard 
Lyon's Heart, Regulus 
t^oot of the Crofters - 
Virgin's Spike - — 
Ar<&urus in Bootes - 
firight Star of the Harp, 

Lyra - - - - 
South Fifh, Fomelhaut 



3 



Lohgi- 
^tude. 

D. M. 



I 

2 
I 

I 

I 

I 

I 

I 

I 

I 

21 

I 

I 

I 
I 



XI 26.05 

... I 

K 10.55 

y ■ 10.30 

n 5.58 



H 
It 
XL 

% 

-a 



j8.02 

13.00 

24-55 
10.19 

22.00 

23.28 

26.01 

08.08 

20.01 

20.24 



yp 11.27 

W 2Q.S9 



Latitude. 



66.30 N 

59-55 S 
12.37 S 

5.30 S 

22.52 N 
31.10 S 
10.05 S 
39-32 S 

15-58 s 

22.24 ^ 
00.37 N 

52.45 S 
02.02 S 
30.57 N 

61.46 N 
21.05 S 



Right 
Afcen. 
D. M. 

; 10,45 

21.15 

42.02 

65.25 

74.36 

75.39 
85.27 

98.34 

III-33 
138.51 

148.47 

183-35 
198 03 

211.06 

277.08 
340.58 



Declina- 

tion. 
D. M. 



87-59 N, 

58.55 s 

63.04 N 
15.58 N 



45.43 N 

08.30 S 

07.20 N 
16.23 ^ 
05.51 N 
07.36 S 
13.10 N 

61.31 S 
09.51 S 
20.30 N 

38.34 N 

3Q.56 S 



Problem 22. 



To find the Rifing^ Settings and Culmination of a 
Star^ at any Time, in any Latitude^ 



. The Rule, i. Reftify the Globe and Hour Index, asinProb* 
lem 10. 

2. Bring the Star (whofe Rifing you would know) to the 
JEaft Side of the Horizon, and then the Index will point to the 
Time of it's Rifing; alfo the Degree of the Horizon againft'thc 
Star, is it's Amplitude at Rifing. 

3. Bring the Star to the Brals Meridian, and the Index, will 
ihew the I'ime of its Culminating, or coming to ihe Meridian ; 
Alfo the Degree on the Brafs Meridian, contained from the Ho- 
rizon to the Star, is it's M'eridian Altitude. 

r 4. Brihg'thc Starto the Weft Side of the Horizon, and then 
the Index will fliew the Time of it's Setting ; Alfo againft the 
Star, ^on the Horizon) is it's Amplitude at Setting, which is ever 
the iame Quantity as Rifing. . 

Tbh 
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This IS fo eafy to perform, and fo often done in the Problems 
concerning the ^uttj It needs no Example, 

Problem 23. To know at any Time what Stars are aho%)e the Ho'i, 
rizon^ ettber rifing towards the Meridian^ or detlimngfrom it^ to^ 
wards their Setting ; as alfo what is their Latitude and Azimuth? 

The Rule, I. To redlify the Globe^ Hour Index, and Qiia- 
drant of Altitude, as before, in Problem 10. 

2. Turn the Globe till the Hour Index points to the given 
Time of the Day or Night ; and there ftay the Globe. 

3. Then obferve what Stars are even with the Eatt Side of the 
Horizon, thofe are then rifing \ and all thofe that are between th^. 
Horizon and Eaft Side of the Meridian, are rifen above the Ho- 
rizon, andafcending towards the Meridian. 

4. All thofe Stars near the Brafs Meridian, are then near the 
Meridian of that Place ; and thofe at the Brafs Meridian, are 
then on the Meridian of that Place. 

5. If the Quadrant of Altitude be put to any Star it will (hew 
it's Altitude at that Time and Place, and upon the Horizon, i\it 
Quadrant fhews it's Azimuth. 

6. All thofe Stars on the Weft Side of the Meridian are de- 
fending from it, towards their Setting ; thofe near the Horizon 
are Setting, and thofe below the Horizon are Set. 

In ^ Word, let the Globe (by Help of a Magnetic Needle, 
or Compafs, or otherwife, (Variation allowed) be fet fo, as the 
North Pole thereof may point to the true North in the Heavens, 
and the South point to the South j then imagine vour Eye placed 
within the Globe at its Center, and that the Globe was tranfpa- 
rcnt ; or fuppofing a fmall round Hole through the Center of any 
Star, now your Sight pafling through it, will diredl to the Star in 
the Heavens, correfpondent to that on the Outfide of the Globe. 

This being mathematically confidered, will make the Ufe of 
the Globes cafy, and very much conduce to the Knowledge of 
the Stars, a Thing very neceffary in Navigation, but too much 
neglefted in general by Mariners. 

Problem 24, To find the Hour of the Night by the Altitude of a 

known Star, 

The Rule. 1. Reftify the Globe, Hour Index, and Quadrant 
of Altitude, as before, in Problem 16- 

2. Turn the Globe and Quadrant of Altitude till you bring the 
Star againft it*» given Altitude in the Quadrant, and there ftay 
them. 

M 2 7^. TVv^Tw 
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3. Then will the Index (hew the Hour required j and the 
Qiiadrant will cut the Horizon in the Star's Azimuth. 

Note ; If the Star you obferve be on the Eaft Side the Meridi- 
dian, then turn the Quadrant of Altitude on the Eaft Side of the 
Brafs Meridian of the Globe : And if on the Weft^Side, turn the 
Quadrant alfo on the Weft Side. 

Example^ At London^ DeeenAer the 2 jd, the Altitude of Regulus^ 
or the Lyon's Hearty being 25d. 30m. Oriental, or on the 
Eaft Side of the Meridian : I demand the Hour of the Night ? 

Jnfw. According to the aforefaid Rule, the Hour is near 30m. 
after 10 at Night, and the Star's Azimuth ySd. 30m. South 
Eafterly, or Eaft by South neareft. 

So much for the Ufe of the Globes, which is extended beyond 
it's firft defigned Limit, occafioned by a conftant Rcfolution to 
be as e^^pltcit, and concife as poffible* 

And, by the Way, let me advife thofe who have not Conveni- 
ency for, or not able to purchafe Globes, and yet would know 
the Stars, that they may attain it with a Pair of Hemifpheres^ 
wherein are all the Conftellations, and each Star according to it's 
Longitude and Latitude placed in them : fuch are made of near 
10 Inches in Diameter, to fold in a Book, like a Sea Chart, in 
four Leaves: They are projefted on the Plane of the Ecliptic, or, 
as fome fay, on the Poles of the Ecliptic : So that in one Hemif- 
phere (which is one Leaf) you have all the Conftellations on the 
North Side of the Ecliptic, and in another all the Southern. 

Each Pole of the Ecliptic^ is the Center of each Hemifpherc, 
and the Margin going round them is the EcHptic, being divided 
into 12 Signs, and each Sign into 30 Degrees; each Degree be- 
ing fubdivided into Halves and Quarters ; and Lines drawn from 
the Center (or Pole of the Ecliptic) to the beginning of each 
Sign. 

On one of thofe Lines are placed the Degrees of Latitude, and 
numbered from the Ecliptic with 10, 20, ^c» to 9a, at the 
Pole and Center of it. 

By thefe Hemifpheres any of the former Problems (wrought 
on the Cctlejiial Globe) may. be folved : As for Inftance j 

To find the Longitude ^ and Latitude of a Star* 

The Rule. I. Stretch out the Silk String (fattened in the Cen- 
ter for that Purpofe) over the Center of the given Star, and it 
iheweth, or cuttetb the Star's Longitude in the Ecliptic^ 

3. With 
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2. With a pair of Compaflcs^ taVe the Diftance from theCenter 
of the Star to the Center of the Hemifphere ; lay that Diftance on 
tlie Scale of Latitude from the Center of the Hemifphere, and it 
will (hew the Latitude required, reckoned from the Ecliptic. 

Example, The Foot of the CrofierSj a Star of the fecond. Mag- 
nitude in the Southern Hemifphere, between Roiur Carolt^ 
nurtty and Centaurus : I demand it's Latitude and Longitude ? 

1. Laying the faid Silk String over the Star's Center, it cuts 
fhe Ecliptic in Virgo^ 8d. 8m. the Star's Longitude. 

2. Take the Star's Diftance from the Center of the Homif- 
phere, meafure it on the Solftitial Colure, from the faid Center^ 
and it reaches to 52d. 45m. the Star's Latitude South. 

There are drawn in thefe Hemifphcres, the Equinoflial, Tro- 
pics, Polar Circles, and Poles of the World ; all which are dif- 
tinguiflied by their Names fct to them : More Circles may be 
drawn, and are of Ufe in folving other Problems: which fhall be 
(hewed after the Problems in Aftronomy. 



CHAPTER. Vn. 

Spheric Trigonometry, applied in Problems of Geography. 

"DEfore I treat of Great Circle Sailing, 'twill not be amifs to fay 
^^ fomething concerning Geography ; and for a more diftin^ 
Knowledge thereof, take thefe following Definitions and Pro- 
blems. The Definitions are much the fame as before, in Chap- 
ter 4. of Mercator's Sailing, in Page 82. 

Section L Geographic Definitions. Plate 5. Fig, i. 

I. 'T* H E Earth (on which we dwell) together with the Wa- 
^ ter, make one round Body or Globe, which is the Subje£): 
of Geography. 

2. The Poles of the Earth, are two imaginary Points, diredtly 
oppofite, upon the Surface of it ; that in the North called the 
North Pole ; and that in the South, called the South Pole ^ as 
P and L Plate 5. Fig. i. 

3. The Equator, or Line under the Equinodial, is a Line 
drawn round the Globe, and licth in the Middle between botli' 
Poles, cutting all Meridians at Right- Angles, and is a great Cir^^ 
cle, from which Latitude taketh its Begiimine, and in which 
Longitude is reckoned, as iEAQ^ Plate 5. Ftg. I. * ■ 

4. Meridians, are great Circles drawn through both Poll 
cutting the Equator at Right- Angles, as PQI».PAI, and P^ 

M 4 inA 
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anfwcrablc to them, arc the North and South Lines, drawn in 
any Chart. 

. 5. Parallels of Latitude are lefs Circles drawn parallel to the 
Equator, through everv Degree and Minute of the Meridian, be- 
tween the Equator ana each Pole, as ^// and Z*//, and are re- 
prefented in any Chart, by the Eaft and Weft Lines therein. 

6. Latitude is an Arc of a Meridian, contained between any 
Parallel and the Equator ; from whence it is counted both Ways 
to each Pole, where it ends in 90 Degrees, which is the greateft 
Latitude, 

7. North Latitude is on that Side of the Equator towards the 
North Pole, and South Latitude towards the South Pole. 

8. Difference of Latitude is an Arc of a Meridian, and the 
neareft Diftance between any two Parallels, and flieweth how 
far any Place is to the Northward or Southward of another Place, 
and never exceedeth 180 Degrees. 

9. Longitude is reckoned in the Equator, roiind which, in- 
creafing to the Eaftward, it is counted (by fome) till it end 
(where it firft began) in 360 Degrees, which is the greateft Lon- 
gitude : Or, according to Mr. tVakely^ in his Manner'^ s Compafs 
KeSiified^ it is counted from the Meridian of London^ increafing 
on both Sides of it, Eaftward and Weftw^rd, till it terminates in 
180 Degrees, at the oppofite Meridian. 

10. Longitude of a Place, is an Arc of the Equator contained 
between the Meridian of that Place, and the firft Meridian where 
Longitude taketh its Beginning, and counted (by the old Way) 
to the Eaftward of the firft Meridian, (but by the new Way in 
the Mariner's Compafs Re6lijiid^ and likewife in the Mariner's 
Calendar^ it is counted both Eaftward and Weftward from the 
Meridian of London^ which in both thefe Tables is the Meridian 
whence Longitude taketh its. Beginning. . 

11. Difference of Longitude is an Arc of the Equator, con- 
tained between the Meridians of any two Places, and never ex- 
ceedeth 1 80 Degrees. 

12. The Diftance of any two Places, is an Arc of a great 
Circle, paffing through them, and never exceedeth 180 Degrees. 

13. The Angle of Pofition, or the Angle of Situation of 
Places, is an Angle that the Arc of a great Circle pafEng over' 
two Places, makes with the Meridian of one of them, and is not 
the Courlc leading from one to the other. 

Iii finding the Diftance of Places, there are three Cafes : A«- 
(i.) when they differ only in Latitude; (2.) when thcv differ 
only in Longitude-, (3.) when the two Places differ both in 
Latitude and Longitude j all which are performed by the fol- 
lowing Problems, §e6HoQ 
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SeSion II. GeQgraphU Problems*' 

Cafe I* fwo Places differing only in Latitude^ g%i)en \ to find 

their Vijiance. 

Note i.np WO Places under one Meridian, or bearing North 
^ and South from each other, or in one Lpngitude, are 
faid to differ only in Latitude. 

2. Two Places differing only in Latitude, the Difference of 
Latitude is the Diflance required; in which there are two Va- 
rieties. 

Variety i. Problem i. Two Places both on the Jam^ Side of the 
Equator j that /V, both in North ^ or both in South Latitude j to find 
their Difiance ? 

The Rule. Subtract the lefs Latitude from the greater, the Re- 
mainder (reduced into Leagues or Miles) is the Diftance required. 

Variety 2. Problem 2. 7/ one Place be on one Side of the Equator^ 
the other on the other Side ; that isy one in North Latitude ^ and the 
other in South Latitude '^ to find their Dijiance? 

The Rule. Add the two given Latitudes together, the Sum 
(reduced into Leagues or Miles) is the Diflance required. 

Thefe are fo eafV, 'tis needlefs to give Examples, being the 
fame you had in Chapter 3. Sedlion 3. General Rule 2. in 
Plane Sailings in Page 57. 

Cafe 2. Two Places differing only in Longitude given ; to find their 

Diftance. 

Note ; Two Places differing only in Longitude, lie Eaft and 
Wefl from each other, and are cither in the Equator, or elfe in 
one Parallel of Latitude. 

In this Cafe are two Varieties. 

Cafe 2. Variety i. Problem 3. Two Places in the Ep^atoTj 
their Longitudes being given j to find their Dijiance, \ 

The Rule. I . According to the old Way of counting the Lon- 
gitude, fubtradl the lefs Longitude from the greater, the Re- 
mainder (if lefs than 180 Degrees) is the Diflance required ; but 
when 'tis more, fubtraft it from 360 Degrees, and this lafl Rc- 
niainder is the Diftance. 

2. According to the new Way of counting the Longitude, in 
the Mariner* s Compafs Rj^Lfied^ the Rule is thus ; 

If both Longituaes are Eaft, or both Weft, fubtra<St the lefs 
from the greater, the Remainder is their Diftance: But when 
one Place is in Eaft, and the other in Weft Longitude^ add 
ih^m, aiid the Sum (if it exceed not x80 Degrees) is the Dif- 

M 4 tance 
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tance, and when it doth exceed 180 Degrees, fubtrad it from 
360 Pegr^3, the Remainder is the Diftance required, whi^h is 
the fame as in Chapter 4. Se^ipn 9« Problem' 3. Page 89. of 
Mifcatofs Sailing. 

Cafe 2. Variety 2. Problem 4. Tow Plaas in one Parallel^ or 
both in one Latitude^ their Longitudes given^ to find their Dif» 
tance. 

Example, I demand the Diftance between the Lizard^ and 
Pengwin Jffaifd in t^eiufoundiand f 

d. ip, d. m» ^ 

^'^''^' rn .?Latit.50 ooN. Longit. { 5 HW, 
Pengwin IJland J ^ ^ ■ { 52 50 W, 

Subtraft from - - - go 00 DifF. in Long. 47 36 

^Jlem. is the Comp Lat. 40 00 

Thefe Places are fuppofed both in the Latitude 5od. com. 
North, whofe Complement is 4od. com. 

To delineate this Problem Stercographically on the Plane of 
the Meridian of the Lizard, Plate %, Fig. i. 

1. Defcribe the Circle R P Q^I, with a Chord of 60 Deg. or 
. Half-tangent of 90 Degrees, and quarter it with |he two Diame^ 

ters or Right Circles PAI, and ^AQ^: Then is JP the North 
Pole, I the South Pole, and iEAQ^the Equator. 

2. 3y Problem 2. Cafe 2. Page 113. of Spheric Geometry, 
make the Angle /EPN equal to 47d. 36m. (the Difference of 

. Longitude) by drawing the Oblique Circle P © N I, with the 
Secant thereof. 

3. Make PZ equal to4od.oom. ( the Complement of the grven 
Latitude) by Prob. 6. Cafe i. Page 116. of Spheric Geometry, 

4. Through Z draw the Parallel Circle Z 1 1 (by Problem 
9. Cafe 2. ift Page 121. of Spheric Geometry) with the Tangent 
of4od. 00m. (the Complement of the given Latitude) to cut the 
Oblique Circle P N I in ; then Z reprefents the Lizard^ 
and Pengwin Ifiand^ both in one Parallel of Latitude. 

5. Then through Z and 0, draw a great Circle,- as is the 
Oblique Circle Z C, and 'tis done j ror Z © on the Oblique 
Circle is the Diftance required, which is meafured by Problem 7. 
Cafe 3. in Page 118. pf Spheric Geometry. 

To find theiir Diftance by Trigonometry, 'tis to be noted ; 
That in the Oblique Spheric Triangle ZP . Plate 5. Fig.l. 
I. The Sidp ZP equal to P0 is the C#w^. of the Lat. 4od.'6om^ 
a. The Angle ZP Q the Diferent^ of Lonptink 47d. 36m. 

* 3» Th* 
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. 3. The Side Z O the Diftance of the two Places .• which to 
find, let fall the Perpendicular PB (by drawing an Oblique Cir- 
cle with the Secant of a3d. 48m. half the (given) Differeifceof 
Longitude to cut the Oblique Circle ZO (in B) and it divides 
the Oblique Spheric-Triangle, into two equal Re£langle-Spheric 
Triangles PBZ and PB0, in each, the Hypothenufe and one 
Angle is given. 

1. The Angle ZPB equal to BP©, is half the Difference of 
Longitude, 23d. 48ni* 

2. The Leg ZB equal to BO, is half the Diftance required. 
Therefore the Proportion by Chapter 5. Section 4. ProUem 

2. Cafe 4. in Page 136. of Rectangular Spheric Trigonometry, 
is thus ; 

As Radius, is to the Sine Complement of the Latitude ; fo is 
the Sine of half the Difference of Longitude to the Sine of half 
their Diftance required. But in fliort thus. 
As Radius .. S. Hypot. PZ : : S. Angle ZPB .. ^.Leg. ZBitheDift. 
As S. Qod •• S. 4od. com. : : S. 23d. 48m. •• S. I5d. 02m. 

Which being doubled, makes the Diftance ^od. 04m. or 1804 
Minutes, which is the Diftance between the Lizard zni, Pengwin 
JJIand^ in the Arc of a Great Circle. 

Prob. 5. To find how many MtUs or Mtnuta of the Equator make a 
Degree of Longitude^ in any Parallel of Latitude. 

The Rule or Proportion is ; 

As Radius, is to the Sine Complement of the Latitude; 

So is 60 Miles or Minutes a Degree in the Equator, to the 
IVliles or Minutes of the Equator, vmich make a Degree of Lon- 
gitude in the Parallel required. 

Example. How many Miles will anfwer to make a Degree ofLen* 

gitude in the Latitude ^5 id. 31m. 
As Radius •• S. c. Lat. : : a Deg. in the Equa. •• a Deg. in the Par, 
As S. god. •• S. 38d, 29m. ; : 00 Minutes •• Min. 37. 34 Parts. 
The Miles of the Equator that make a Degree of Longitude in 
the Latitude of 5id. 31m. 

Cafe 3. Two Places differing both in Latitude and Longitude ; their 
Latitudes and Longitudes being given to find their Diftance* 
Note ; In this Cafe are three Varieties. 
Variety i. Problem 6. One Place in the Equator ^ and the ether 
towards either of the Poles, 

Example. Suppofe the Lizard, and the Entrance of the Rher 
Amazons, their Latitudes and Longitudes being as followetb : I d§^ 
piand their Diftance f 

Lizard 
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d. m. d. m. 

^'^^^P . } Lat. { 49.57 7 N. Long. ^ 5- 1 4 W. ' 
Jmaz. River S I oo.oo \ *^"'*6- \ 49.56 W» 

Difference of Longitude " 44*42 

To delineate it Stereographically on the Plane of the Meridi- 
an of the £/ztfr^. Plate S' i^ig' I* 

1. The Circle being defended, and quartered as before, in 
Problem 4. make ^ Z on the primitive Circle equal to 49d. 
57m. the Latitude of the Lizard^ by Problem 6. Cafe i. in Page 
1 16 of Spheric Geometry. 

2. By the fame Problem, Cafe 2. lay 44d. 42m. the given 
Difference of Longitude, on the Right Circle JE A Q^ (which 
IS the Equator) that is, take the Half Tangent 44d; 42m, the 
contrarj' Way, and lay it from JE to N. 

3. Then through Z and N draw a Great Circle, as is the 
Oblique.CircleZ N C, and 'tis done: For ZN (meafurcd by 
Problem 7. Cafe 3. in Page 118. of Spheric Geometry) is the 
Diftance required. 

But to find their Diftance by Trigonometry ; Obferve, 

2. That in the Rccftangle Spheric Triangle Z iE N. Plate 5. 
Fig. I. 

I. The Le^ Z-£, is the Latitude of the Lizard^ 49d. S7m. 
The Leg ^N, the Difference of Longitude between them, 
equal to44d. 31m. 

3. The Hypothenufe ZN, their Diftance required, to find 
which, (by Chppter5. Seftion 4. Problem 5. Cafe 14, in Page 140. 
of ReSf angular Spheric Trigonometry) the Proportion is thus : 

As Radius, is to the Sine Comp. of the Lizard's Latitude ; 

So is the Sine Complement of their Diftance of Longitude, 
to the Sine Complement of their Diftance required : But in (hort 
thus : 

.Radius.. S.c. Leg ZiE : :S.c. LegiEN .. S.c. Hyp. ZNtheDift. 
S. 9od. •• S. 4od. 03m. : : S. 45d, i8m. .-S. 27d. 13m. whofe 
Complement is 62d. 47m. equal to 3767 Minutes, is the Dif^.- 
tance between the Lizard and River Amazons. 

Cafe 3. Variety 2. Problem 7, Two Places lying tnuareb one of 
the Poles j that is^ both in North Latitude or both in Soutb 
Laiitudij their Latitudes and Longitudes being given \ tofindibeir 
Diflanc€. 

Exiw^le, I demand the Diftance between the Lizard and the 

Ifland Dofhddoes ? 

Lizard 




II. Geographic ProUems^ 187 



}L«.{f4§}N.L«,.{ ^^ 



Lizard 
L Barbadoes 

Difference of Longitude ■ — 53-36 

To delineate this Stereographically, on the rlane of the Meri« 
dian of the Lizard. 

1. Having defcribed the Primitive Circle, and quartered it as 
before,, make the Angle -^ P m, (by Problem 2. Cafe 2. in Page 
112. of Spheric Geometry) equal to 53d. 36m. the given Dim-, 
rence of Longitude, by drawing the Oblique Circled m 1, with 
the Secant thereof. 

2. On the Primitive Circle (by Prob. 6. Cafe i. in Page 116^ 
of Spheric Geometry) make P Z equal to 4od, 03m. the Cbmplc- 
ment of the Lizard's Latitude, by laying the Chord thereof &om 
P. %o Z. 

■ ' 

3. Draw the Parallel Circle tf L / / (by Prob;. g. C-^q 2. in 
Page 121, oi Spheric Geometry) at i2d, 58m. [Barbadoes Latitude) 
Dirtancq from the Right Circle M A Q^ the Equator, to cut 
the Oblique Circle P m I in L. . 

4. Then through Z and L, draw a Great Circle, as the Ob- 
lique Circle ZLMC, and it is done; for Z L (meafured by Prob- 
lem 7. Cafe 3. in Page 113, of Spheric Geometry) is the Dif- 
tance required. 

But by Spheric Trigonometry^ to find their Diftance, it is to 
be noted. 

That in the Oblique Spheric Triangle ZPL. Plate 5. Fig. i. 

1. The Side PL is the Comp. of the Lizardy Lat. 4od. 03m. 

2. The Side PL is the Comp. of Barbadoes Lat. jyd. 02m. 

3. The Angle ZPL their Difference of Longitude 53d. 36m# 

4. The Side ZL their Diftance required. 

To find which (by Chap. 5. Se£lion 5. Problem g. Cafe 8. in 
Page 145, of Spheric Trigonometry Oblique) the Rule is, 

rirjiy As Radius, is to the Sine Complement of the Difference 
of Longitude ; fo is the Tangent Complement of the greater 
Latitude, To the Tangent of a Fourth Arc. v 
. Which being fubtrafted from the Complement of the lefs La* 
titude, when the Difference of the Longitude is lefs than go De- 
grees, but when more than 90 Degrees from its Supplement to 
180 Degrees, the Remainder is the Refidual Arc. Then, 

Secondly y As the Sine Complement of the Fourth Arc afore- 
found, is to the Sine Complement of the Refidual Arc ; foif 
the Sine pf the greater latitude, to the Sine Complemejit ^ 

the 



i8t Ge^apble Prohkmsi 

the Diftance required : But in fliort, as follows ; 

As Radi'us •- S. c. Angle ZPL : : T. Side ZP .. T. 4th Arc. ) 

As S- god. "S. 36d. 24111. : : T. 4od. 03m. -T. 26d. jioil 

' which being fubtraflcd from the Side PL -^-jA. 02mJ 

Remainder is the Refidual Arc ■ " — — jod. 311D 

Then again fay, 
AsS.c.4thArc-S.c.Refid.Arc: : S.c.SideZP.-S. c. SideS 
AsS. 63d. zgm. "S. 3gd. 29m. : : S. 49. S7n»-"S. jzd. sym 
Whofe Compiemcftt 57d. 03m. or 3423 Minutes, is the I 
fiance from the Lizard to the iiland Barbadeis in the Arc o 
Great Circle. 

Cafe 3, Variety 3. ProWem 8. Two Tkcti^ one in North I 
tuJtf the ather iM South Latitude i ibtir latitudes end Longiludt 
given to find iheit DiJIana. ^ 

Example. I demand the Diftance from Cape Cody in Neva Eng~ 
iaiit to Cape Bma EJperanxa, or Cape of Goad Hope in Africa F 

d. m. d. m. 

Cape Cod ? I , J 42 I < N. r,^„ ., f 68 55 W. 
^onaEfp. I L't. { *^ „7 s. l^o^S'^ 1 19 35 E - 

, DiKerence of of Longitude is — 08 30 

To delineate it Stereo^phically on the Plane of the Meridian 

tii Cape Cod. Plates, f'i-^- 

1. The Primitive Circle being defcribcd, and quaftered as be- 
fore dJrefled, make (by Problem 2. Cafe 2. in Page j 12 of Sphe- 
ric Geometry ) the Angle Q_^P M equal to 88d. 30m. the given 
pifference of Longitude, by drawing the Oblique Circle PMI 
with the Secant thereof: But the Secant is fo large that it is not 
ealy to do j therefore in fuch Cafes, lay it on the Right Circle 
^NAMQj the Equator (by Problem 6. Cafe 2. in Pi^e 116 
of SphericGetmttry) from Q_ to M, that is, from the Scale of 
Half-tangents the contrary way ; and laying a Bow fcrewed up to 
the three Points, P, M, and I, draw the Oblique Circle by it. 

2. On the Primitive Circle, (by Problem 6, Cafe i, in Page 
>i6.) make PZ equal to 47d. 48m. the Complement of Ca^ 
Co^s Latitude. 

3. Draw the Parallel Circle a D 1 1 (hy Problem 9., Cafe 2. 
in Page 121.) at 34d. 07m. Cape Bona Efptraiaa^ Lat, (or Dif- 
tance from the Right Circle jE A Q the Equator) to cut the Ob- 
lique Circle PMI, in D, reprefcnting Cape Bona Efperataa. I 

. 4. Thro' Zand D, draw a Great Circle, as the Oblique Cir- 
cle ZDC, and 'tis done: ForZD (meafured by Problem 7. Cafe 
'3, inPagetiS. of Sphtrit Geometry) is the Dinut« leqikirnl. 

B, 
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I'- By Spbtric Triganemetryy to find their Dill, it is to be conlideml, 
L That in the Oblique Spheric Triangle ZDP. Pht* 5. Fig. l. 

I I. The Side PZ is the Comp. of Cape Ca^t Latit. 47d. 4810. 
\ ' a. The Side PD the DiOiuice of Cap* Bona Efptraaxa from the 
\ North Pole, or its Lntitude added to ^od, that is i^d. 0701. 
:, 3. Th<^ Angle DPZ their Differ, of Longitude 88d. 30m. 
4, The Side ZD their DiAance required, which is thus found, 
B]r Chapter 5. Sections. Problem 9. Cafe 8. in Page 145. of 
'. Spheric Triwonomelry Oblique, the Proportion are thefe, 

Firfit As Radius, is to the Sine Complement of their DilFe- ' 
rence of Longitude; fo is the Tang. Comi/tcment of one of the 
given Latitudes, to the Tangent of a 4th Arc; and then. 

If the Difference of Longitude be lefs than god. fubtnift the 
4th Arc out of the other Latitude, added to god. but if the Diff. 
Long, be more than god. from the Supplement thereof to iSod. 
the Remainder is the Refidual Arc ; And then. 

Secondly^ As the Sine Complement of the Fourth Arc^ i$ to the 
Sine Complement of the Re^dual Arc ; fo is the Sine of the La- 
titude fa& taken, to the Sine Complement of the DifUnce re- 
quired : But in fhort thus; 

As Radius ■■ S. c. Ang. DPZ : : T. Side PZ ■■ T. 4th Arc. 
A» S. god. .. S. Old. 30m. : : T. 47d. 48m. ■• T. id. 3gm. which 
being fubtradled from theSidePD ■ ■■ - ■ i24d.07m. 
The Remainder is the Refidual Arc I22d. 28m. 

Then again fay, 
S.c.4thArc-S.c.RcfidualArc : 1 S.c.SidePZ-S.c. SideZD. 
' S. 88d. 21m, .-S. 32d. iim. ; : S. 42d. 12m. "S. 2id. ogm. 
Which added to —^ • n . god. 00m. 

The Sum is the Side ZD their Diftance litd. ogm. 

Or 666g Minutes is the Diftance from Cape Ceii to Cape A«- 
tia Efperantat in the Arc of a Great Circle, 



CHAPTER VIII. 

Of tit third P^rt $fNavigali 

nmitry applied in Gl 



^R E ATCirtU Sailings 
O'moft difficalt, and hardly 




i8> GeograpUe PrehUms.' Chap. Vl 

the Diftance required : But in Oiort, as follows ; 
As Radfus .- S. c. Angle ZPL : : T. Side ZP .. T. 4th Arc. 
As S. god. --S. 36d. 24m. : : T. 4od. 03m. -T. 26d. 3101 
which being fubtrafled from the Side PL yyd. ozni 



Remainder is the Refidual Arc - — ■ " — - ■ ■ 5od, 311 

Then again fay, 
AsS.c.4thArc ■■ S. c. Refid. Arc : : S. c. SideZP.-- S. c. Side 2 
AsS.63d. 29m. -.S.jgd. 29m. : : S. 49. S7n>."S. 32d. 57m J 

WhofcCompiemcttt 57d. 03m. or 3423 Minutes, istheDl 
fiance from the Lizard to the Ifland Barbadets in the Arc of | 
Great Circle. 
Cafe 7. Variety 5, Problem 8. Two Phus^ ant in North LatM 

tuM, iht other tit South Latitude i their Latitude t end Lsugiiudem 

given to find their. Diftance. J 

Example. I demand the Diftance from Cape Ced, in New £ng' 

Imij todpe Bina EJptrataay or Cape of Good Hope \n. Africa f 
d. m. d. m. 

C^C>d . ? T ,^ i ♦* " N. f . ., r 68 55 W. 

Diffisrcnce of of Longitude is — 08 30 

To delineate it Stereographically on the Plane of the Meridian 
elCapeCfd. Piale 5. Fig. i. 

1. Th« Primitive Circle being defcribed, and quartered as be- 
fore direSed, make (by Problem 2. Cafes, in Pageii2of£^^- 
ricGeemttry) the Angle Q_P M equal to 88d. 30m. the given 
piffetence of Longitude, by drawing the Oblique Circle PMI 
with the Secant thereof: But the Secant is fo large that it is not 
eafy to do ; therefore in fuch Cafes, lay it on the Right Circle 
^Ua^Q, the Equator (by Problem 6. Cafe 2. in Page 1 16 
of SphericGeometry) from Q_ to M, that is, from the Scale of 
Half-tangents the contrary way ; and laying a Bow Icrewed up, to 
the three Points, P, M, and I, draw the Oblique Circle by it. 

2. On the Primitive Circle, (by Problem 6. Cafe i. in Page 
116.) make PZ equal to 47d. 48m. the Complement of C^ 
Cod's Latitude. 

3. Draw the Parallel Circle a Dlt (hy Problem 9., Cafe 2. 
in Page 121.} at 34d. 07m. Cgpe Bona EJptraiiza, Lat, (or Dif- 
tancefrom the Right Circle £ A Q the Equator} to cut the Ob- 
lique Circle PMI, in D, reprefenting Cape Baw SJperanza, 

. 4. Thro' Z and D, draw a Great Circle, as the Oblique Cir- 
cle ZDC, and 'tis done : For ZD ( meafured by Problem 7. Cafe 
'3. iaPagciiS, oi Spberie Gtametry) is the Dmancereqiiircd, 

By 
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By Sfbiric Trigonometry ^ to find their Dift. it is to be confidered, 
■That m the Oblique Spheric Triangle ZDP. Pkti 5, Fig.u 

X. The Side PZ is the Comp. of Cape Cod's Latit. 47d. 48m. 

a. The Side PD the Diftance of Cape Bona EJperanza from the 
North Pole, or its Latitude added to 9od« that is 24d. 07m. 

3. The Angle DPZ their Differ, of Longitude 88d. 30m. 

4« The Side ZD their Diftance required, which is thus found. 
By Chapter 5. Sedlion 5. Problem 9. Cafe 8. in Page 145. ©f 
^.Spheric Trigonometry Oblique, the Proportion are thefe, 
c Firjl^ As Radius, is to the Sine Complement of their Diffe- 
^ rence of Longitude ; fo is the Tang. Complement of one of the 
given Latitudes, to the Tangent of a 4th Arc ; and then. 

If the Difference of Longitude be lefs than Qod. fubtraft the 
4th Arc out of the other Latitude, added to god. but if the Diff*. 
Lone, be more than ood. from the Supplement thereof to i8od. 
the Remainder is the Kefidual Arc \ And then, 

Secondfyy As the Sine Complement of the Fourth Arc^ i^ to the 
Sine Complement of the Rehdual Arc ; fo is the Sine of the La* 
titude firft taken, to the Sine Complement of the Diftance re- 
quired : But in fhort thus ; 

As Radius .. S. c. Ang. DPZ : : T. Side PZ •• T. 4th Arc. 
As S. god. •• S. Old. 30m, : : T. 47d. 48m. •• T. id. 39m. which 

being fubtra£led from the Side PD ' ■ 1 24d. 07m. 

The Remainder is the Refidual Arc — laad, 28m» 

Then again fay, 
S.c.4thArc..S.c. Refidual Arc : : S. c. Side PZ-S.c. Side ZD. 
S. 88d. 2im. --S. 32d. 28m. r : S. 42d. 12m. ^'S. 2id. 09m. 
Which added to — -^- 1 — — . god. oom. 

■ • 

The Sum is the Side ZD their Diftance 1 1 id. 09m. 

Or 6669 Minutes is the Diftance from Cape Cod to Cape Bo^ 
na Efperanxa^ in the Arc of a Great Circle. 



CHAPTER VIIL 

Of the third Part of Navigationy or the DoHrim §fM^^ 
nometrj applied in Grpat-* Circle Ssili 

/^R E AT Circle Sailings as it is the moft aca 
vr moft difficult, and hardly poffible for a Sb. 



100 Great Circle Sailing^ Chap. Vlff; 

■ • ■ 

hj ; yet it may be of good Advantage to keep conveniently neaf 
it, especially in a parallel (or Eaft and Weft) Courfc. 

2. Grand Circle Sailings is failing' by, or upon the Arc of a 
Great Circle, paffing through the two Places. 

3.. In Great Circle Sailing are but three Cafes, vlx. 
(i.) When two Places differ only in Latitude. 
{^.S When jchey differ only in Longitude J and, 
(3.) When they differ both in Latitude and Longitude. 

Cafe I. Two Places differing only in Latitude^ the Latitude given^ 

to find their Di/iance. 

I. This is the fame with Chapter 7. Section 2« Problem i« 
and 2. in Page 183 of Geography, to which I refer the Reader 
lor finding their Diftance, and fo pafs to 

Cafe 2. Two Places differing only in Longitude y the Latitude and 
' Longitude being given ; to find their Dijiance in the Arc of a Great 
Circle^ and all that is requifite in Great Circle Sailing. 

1. This is the fame with Chapter 7. Section 2. Problem 2. and 
4. in Pages 183 and 184, of Geography, to find theirDiftance. 

2. Thefe Places are either in the Equator, or in one Parallel, 
and lie Eaft and Weft from each other ; if under the Equator, 
the Difference of Longitude is their Diflance, that being a great 
Circle, but if in one Parallel, the contained Arc of that Parallel 
is not the.neareft Diftancc, that being a lefs Dr fmall Circle. . 

3. The Diftance in the Parallel hath been fhewed in Chapter 
4. SedtioJD 3.. Problem 10. of Mercator*s Sailings in Page 100 ; 
and their Diftance in the Arc of a great Circle is found by Chap- 
ter 7. Se&ion 2. Problem 4. in Page 184 of Geography: But 
the Angles of Pofition made by the Great Circle, and its Lati- 
tude and Longitude at any affigned Point in the Arc, together 
with the Courfe, and Diftance from Point to Point, fo afligned 
in it, is the Work we now proceed upon. 

Cafe 2. Problem i. Suppofe the Lizard, and Pengwin Ifland, both 
in the Latitude of ^od, com. North nearly'^ whofe Difference of 

. . Longitude- is 47d. 36m. (as before in Problem 4. P-age i84of 
Geography) I demand the Angle of Pofitionf The Great Circle's 
Difiance between them? The Latitude of the Arc at every 5 /)/- 

?'ees Difference of Longitude ? And the Cwrfc OMd-Diflame from 
oint to Point accordirtg to Mcrcator, 

This 
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This Problem is delineated by the Directions in Problem 4.: of 
Geography, 'in Page- 184. And obferve that. 

In the Oblique Spheric Triangle APC. Plates. Fig.%. 

1. A reprefents the Lizard. 

2. C P«fjtt;/« Ifland. 

c. Thp Side PA equal to PC, the Complement of the Lati. 
iude of each Place 40 Degrees. 

4. The Angle APC, the Difference of Longitude 473, 36m, 

5. The Angle CAP equal to ACP, the Angle of Pofition at 
each Place. . \ 

6. The Side AC, the Great Circle's Diftance between them. 
Firfl^ For the Angle CAP equal to ACP, the Angles of Pofi- 
tion at the two Places. 

Draw the Perpendicular PB, (as was taught in Problem 4. of 
Geography, in Page 185) which iivideth the Oblique Triangle 
APC, into two equal Reftangular Spheric Triangles ABP, and 
CBP, in each, theHypothenufe and one Angle are given, Thatis^ 

r. The Hypothenufe PA equal to PC, the Complement of their 
Latitude 40 Degrees. 

2. The Angle BPA, equal to BPC, half their Difference of 
Longitude 23d. 48m. 

3. The Angle BAP, equal to BCP, the Angle of Pofition at 
each Place. 

4. The Leg AB, equal to BC, half the Great Circlets Diftance. 

5. The Leg BP, the Complement of the Arc's grcateft Latitude. 
And by Chapter 5. Seftion4. Problem 2. Cafe 6. of Spheric 

Trigonometry Redlangular, in Page 137. the Proportion is thus; 

As Radius is to the Sine of the Latitude ; fo is the Tangent 
of half the Difference of Longitude, to the Tangent Complement 
of the Angle of Pofition at each Place. That is. 

As Radius .- S.c.Hyp. AP : : T.AngleAPB ..T.c.AngleBAP. 

As Qod. •• S. 5od. com. : : T. 23d. 48m. •• T. i8d. 40m, 
Whicn being fubtrafted from ■ god. com. 

Remainder is the Angle of Pofition at each Place 7 id. 20m. 

Secondly^ The Leg AB, equal to BC, is found (by Problem 
4. , of Geography, in Page 185.) I4d. 02m. and therefore the 
Side AC i« 3od. 04m. or 1804 Minutes, the Diftance of the two 
Places in the Arc of a Great Circle, 

Thirdly^ To find the Latitude by v/hich the Arc fliallpafs' at 
every 5 Degrees Difference of Longitude from A, reprcfenting 
the Lizard', tbefe Things following muft be obferved ; 
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Fir^j Find the Leg BP, the CompJement of the greater Lati- 
tude by which the Arc (of the Great Circle) doth pafs j and that 
by Chapter 5. Se(aion+. Problem 2. Cafe 5. of Spheric Trigo- 
nometry Refbnguiar, in Page 137. is thus ; 

As Radius, is to the Sine Complement of half the Difference^ 
of Longitude; 

So is the Tangent Complement of the given Latitude, to tho 
Tangent Complement of the Arc's greateft Latitude ; In fhort 
thus; 

As Radius .. S. c. AngleBPA : : T.Hypot. PA - T. c.LcgBP. 

AsS.Qod.--S. 66d. 12m. : : T. 4od. oom* -T. 37d. 31m* 
Which oeing fubtraded from -^- god. oomir 

Remainder is the Arc's greateft Latitude ■ 52d. 29m. 

Sicondfyy To find the Latitude by which the Arc of the Great 
Circle pafTes (at every 5 Deerees of Longitude) from A, draw 
Meridians from P, as Pd, re, Pf, tfr. which may moft eafily 
be done Geometrically, being then Right Lines, and that is 
thus, viz. 

The Gnomonic Projcflion. Plate 5. F!g. 3* 

1. Make the Angle APC equal to 46d. 36m. the Difference of 
Longitude between the two given Places. 

2. Make PA, and PC, each equal to the Tangent of 4odJ 
com. the Complement of the given Latitude. 

3. Draw the Line AC, which reprefents the Arc of a Great 
Circle between them, 

4. Let fall the Perpendicular PB, which being meafured on 
the Scale of Tangents, is 37d. 31m. the Complement of the 
Arc's greateft Latitude. 

f. Then draw Lines from P, each 5 Degrees Diftance from A 
^d, Pe, Pf, Pg, Ph, Pi, Pk, PI, and Pm ; which are Me- 
ridians, and each of 5 Degrees of Longitude from A the Lizard. 

6. Meafure Pd, Pe, Pf, i^c, on the Scale of Tangents, andl 
they (hew the Complements of the Latitudes of the Arc, at the 
rcfpeftive Places^ d, e, f, i^c, 

Thefe are found (by Spheric Trigonometry) after this Man- 
ner J the feveral dotted Lines Pd, re, &c. are fo many Hypa- 
thenufes, to as many Redangular Spheric Triangles, whicli 
have one common Leg BP, the Complement of the Arc's greats 
eft Latitude. 

Now in each .of thefe ReAangular Spheric. Trianeles, tb^re is 
given a Leg, and its adjacent Angle, to find the Hypothenufe ; 
that is the Triangle d B P, there is given the Leg; BP, and Angle 
SPd^ to find the Hypothenufe Pd, and fo in all the reft. 

And 
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And the feveral Angles B P d, B P e, ^r, are fouhi by a 
continual Subira^ion of 5 Degrees from the Angle BPA 23d, 
48m. half the Difference of Longitude, till the Remainder be 
lefs than ^ Degrees, which being taken out 6{ 5, DWrees, and 
to this lait Remainder add ^ Degrees fuccefSvcly, till the Suiii 
exceed not 23d, 48m. That is< 

d. m< 
Then totheAngleBPh=oi.i2 
Add the Angle h P i ssbf.od 



d. m* 

From the Angle BPA 23.48 
Subtrafl: the Angle AP B 5.00 



item, is Anj^. 



BPi 06.1^, 

o . • .u A 1.1 I BPIc II. li 
SumistheAnfele.^gpj .^ ^^ 

_BPm 21.12 
T^hefe Angles are called V^ir- 
tical Angles, or Angles at thd" 
Pole; 



BPd 18.48 
BPe 13:48 
B P f 08.48 
BPg 03.48 
Which fubtraS from * 6$.qo 

Is the Angle B P h equal 01.12 

Then nnd (by Chapter ^, Se<Jlion 4, Problem 3, Cafe (J, bf 
"SphericTrigdnometry Re^angular, in Pages 137 and 138) the 
feveral Latitudes of the Afcr, which are fouhd by this Proportion! 

As Radius is to the Sine Complement of the V erticle Angle ; 

So is the Tangent of the Arc's greateft Latitude to the Tangent 
of the Arc's Latitude at the refpec^ivc PJaces : Or^ 
As Radius .. S.c.BPd, BPe, bfc. : : T. c. LcgPB •* T.C.Pd^ Pe^efr^, 
AsS.god. •• S.yid. 12m. : : T.52d.29m. ••T.5od. 57m. Lat. atd^ 



76d. 2im. 
Old. 12m. 
86d. 12m. 
88d« 48m. 
83d. 48m. 
78d. 48m« 
73d. 48m. 
68d. 48m* 



5id. 4om.^ 
52d. 09m. 
52d. 2sm. 
52d. iqrti. 
52d. 19m. 



e 
f 



C9 



g 



5id. 5-7m. 
5id. 21m. 



SI 



1 



5od. 32m J J nl 



80 that by the Gunter, tl^e Extent from the Sine 90 D^greesj 
to the Sine of 7id« lam. will reach from the Tangent of 52dtf 
29m. to Tangent 5od. 57m. And the Extent from Sine 9od 4 
to Sine 76d. 12m. will reach from Tangent 52d. 29m. to Tan- 
gent 5 id. 40m. Alfo from 8ine9od. to Sine8id/I2m< reaeheth 
tr6m Tangent 52d. 29iln. to Tangent 52m* mrti* and fo on for 
Uie reft. 
• But by Logarithms it may be thus coiltfa^ed -, becatile t%e 

N Fifft 
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Firft and Third Teems in each Proportion are the fame, and Ra- 
dius being the Firft, it Follows ; 

1 hat to the Tangent of the Arc*s grcatcft Latitude, add the 
Sine Complement of each Vertical AngTc,. and from their Sum a- 
bate Radius, the Remainder is the Tangent of the Arc's Lati- 
tude at each Place required : As for Example. 

d. m. 
Arc's greateft Lat, 52.29 Tang. 10,1 14758 

r72.i2 Sine 9.976159 d. m."J p 

10.090947 Tang. 50.57 
76.12 Sine 9.987279 

^1 0.102037 Tang. 51.40 
8i.i2 Sine 9*994857 

1 0.109615 Tang. 52.09 
86.12 Sine "9.999044 

i o.ii38o2 Taiig. 52.25 
Comp. Vertical 1 88-48 Sine 9-999?.05 

Angles. ^ ' 10. 1 14663 

83.48 Sine 



U 

< 



s 



4663 Tang. 52.29 "S : h 
9-99745 » 



10.1122X0 Tang. 52. ^5^ 
78.48 Sine 9.991649 

ig 1 06407 Tang. 51.57 
73.48 Sine 9.9824 04 

10.097162 Tang, J1.21 . 
68.48 Sine 9.969567 I 

L 10,084235' Tang. 50. 32 J 



no 






m 



Thirdly, To find the feveral Courfcs and Diftanees from Point 
to Point, having now the Latitude and Longitude of them ( tliis 
is done by Chapter 4^ Section 3, Problem 2, ofKfercator'sSail* 
ing, in Page 93. 



As for Example. To find the Courfe aiidEf iflikhce ffotti A to d« 

" ■ ■ , . ■ ,...■. 

There is civea the Latitude of A 5od. com. North, md of d 
50J. 57m. Norths witll-thc Difference of Langitade cdi' or too- 

Mil 



tlinotcs Weft. 



Tfeeir 



f 

t\i2tp. Vllt; Great Circle SdtUt^, i^$- 

Their Meridional Dificr^nce of Latitude (by the Table df 
Mcrid'onal jParts, In Pages 310 arid 314) i« 50 Minutes j 
I Thertfove, 

For the Courfb, the Proportion is } 

AsMerid.DifF.Lat. •• DifF. Long i : Radius •• T. of theCouiffo 
As 90 Minlites -• 300 Min. : : T. 45d. -T, 73d. i^m. N- 
Wefterly from A to d is the firft Courfe, . 

For the Dilhlnce, the Propoitiori is. 

As S. c. Courfe •* Diff. Lat. : : Radius •• Diftance.. 

As S. iGd. 42m. •• 57 Min. : : S. god. •• 1^8.4 Min. from A 
to d. 

After the fame itianner find the Courfes and Diftanccs form d 
to e, from € to f, !^r. as follovif's. 

For the Cdurfes, the Proportidtts are j 

d. m. 

As 6q Min. •• 300 Min. : ; T. 45d. •• T.77 03 NW. from d to e 
40---- - ----iSi.iy-*- from e to f 

jty ---,.- « ^_- 84*5 i •=* — from f tog 

6 .-- 88.51 NW.fr^nig to h 

16 86.57 SW. from h tq i 

36---- -- ^-- 83.10 - - - fijom 1 to k 

ijy.--« -i.«--- 79-15 froni k to I 

79---- -- --- 75.15- - -fromltoni 

As 50 Min. 1156 Min.: :T.45d. • •T.72d. 14m. ^W. from mtpQ 

For the piftances, the Proportions are, 

As S. I2d. 57m. •• 43 Min : : $. 9od. •• 191.9 Min. from d to (e 

8d.43m. ••20 - • •- • - Kj^'A- - - froinetof 

5d.09m.«'l& -•*--- 178.2- - frohnftoff 

li.ogm. -04 - - ^ * - i$9*3[ ^ -ffdrngtoft 

(d. 03m. -10 . - » « - i87.^ - -fromhttri 

>d. 50m. .. 22 - -» - - - 1S4.9 -i * from i to k 

lod.:45fii, : 36 -*-■-. - 19J.6 - -^ kqaiktol 

I4d.45m.:49 - - - - * ifl^'S •♦ •* ftorfilt^'^' 

ff7d.46m« : 32 - - - - • ^04.9 - • fii^ogiiA 

Wtvidi phce ord^Iy ltd th dite Tabto -fellMri^ 
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Great Circle Slicing. 



Chip. IV. 



1 

A 

7 
T 

! 

i 


P/aces 
ludi. 


Part,. 


Mtr. 1 Vifft 


udt. 


Min. 


Cour/afrom 
Place 10 
Pint,. 




J. ro. 


Min. 


Win ■ d. m. 


d. m. 


Min. 


50.00 
50.57 


3564 


go 5 or 


300I ,7 


N73..8W 
N 77.03 W 


.98.4 


69 ■ 5 or 


300 


41 


I9I.9 


5.. to 


3^31 


46 , s or 300 


zq 


N 81.17 W 


191.4 


52.09 


3^7^ 


17 . 1; or 






N 84.5, W 


.78.2 


?2.I5 


3706 




6 I <; or loo 


04 


N sa.51 W[ 199-3 1 


!i:^?_ 


3712 


16. \ •; or 


300 


10 


S 86.57 w 


. '87.9 I 


;i6 ; 5 or jon 


Zl 






S'-^r 


3660 




S7 i 5 t-r 


■joo 


36 


S 79..S Wj 193.0 


;l.2l 


,6oj 


79 1 S or 
50 ji.jfio 


300 

ri56 


49 
3» 


S 7;.iiW| ^^..^ 
S 7^-HWj 104.3 


:;^.li 


3S-+ 


50.CO 


_3474- 


The I 


hole DJlUnce is 18^2.4 | 



But in regard, moft of the Courfes in the Table are fo neat 
theWcft, you niay fail N. (>-]A. 30m. Weftcrly, or WNW. 940.4 
Min. until you are in the Latitude of 56d. oom. Nortb; and then 
S. t'A. 30m. Weftcrly, or W.S.W. 940.4. Min. farther, you ■ 
will arrive at the Port defired. 

By this means you alter the Latitude 6ii. which is ronfidera- 
ble, in refpcct to the Benefit of Obfenation, hcfides the Dif- 
tauce (this WayJ ii about 59 Miiiiites more than that of a 
Great Circle, and about 43 Minutes more than the parallel or 
WeftDiftancc; which is evident if you compare Chapter 4, 
Seflion 3, Problem jO, oi Meuattr's Sailing, in Page roi, with 
this. 

Gafc 3. Twi Plans diffirivi helh in Lat'iiudt and Longitude ; their 
Laiitudfty and Lingiiudts being given ; ta find their Difiante in 
the Are of a Great Circle, and etil thai it requlrtd in Great CireU 
Sailing, - . '. 

Notti When' two Places differ both m Latitude and Longi- 
tude, they lie r.eiiher in one Parallel, nomndcr one Meridian { of 
ifrhich there art three KindR, wz. (l.) One Place undcTChe £- 
ouatur, and the other in North orSouth Latitude; f^^ Both 
places in North, or both Places in South Latitude : fj.) One 
Placein North Latitude, and thcothn Place in South Latitude. 
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Tl)^'^ three Kinds of Places, differing both in Latitude and 
Longitude ; how to find their Diftance in the Arc of a Great 
Circle, kath been fhewed in Chapter 7, Section 2t Cafe 3, Prob- 
lem 6, 7, and 8. of Geography^ in Pages 185, 186, 187, and 
1 88. But to find the Angles of Pofition, and wh^t elfe is requi- 
fite in Great Circle Sailing, is the Work of the three following 
Problems. 

Cafe 3. The firft Kind. One Place under the Equator ^ the other , 
Northy or South Latitude: As for Example. 

Problem II. Suppofe the Lizard, and the Entrance of the River 
Amazones ; I denmndthe Angles of Pojition ? the Great Circlets 
Dijlance between them ? The Latitude of the Arc at evtry 10 De- 
grees Difference of Longitude f with the Courfe and Dijlance Mf 
each (fthem^ according to Mercator ? 

The Latitode and Longitude of thefe Places fuppofcd to be as 
follows. 

d. m« d. m* 

Lizard - - - 
Amazones 

Their DifFerence of Longitude - - _ - - 44,4a W, 
This Problem is delineated by the Diref^ions in Problem 6, 
of Geography, in Page 186 : And here note, that. 

In the Reftangle Spheric Triangle ZiEN, Plate 6. Fig. i. 

1. Z reprefents the Lizard. 

2. N the entrance of Amazones River. 

3. The LegZiE the Latitude of the Lizardy 49d. C7m. 

4. The Leg ^N their Difference of Longitude 44d. 42m. 

5. ^ZN the Angle of Pofition at the Lizard. 

6. JENZ the Complement of the Angle of Pofition at Amazo- 
nes, in the Equator. 

7. The Hypothenufe ZN, the Great Circle's Dilbnce be- 
tween them. 

For the Angles ^NZ, or SLZH (by Chapter 5, Seaioii4, 
Problem 5, Cafe 13 and 14^ of Spheric Irigommetry Ri&angukr^ 
in Pages 139 and 140) the Proportions are thefe ; 

As Radius is to the Sine of the Latitude ; ib is the Tangent 
Complement of the Diffisrence of Longitude, to the Tangent 
Complqnent of the Angle of Pofitioii at the Place having Lati- 
tude: That is, 

N 3 As 



R—} Latitude j 49.57 I Longitude J^J-H W, 



\ 



■I 

i 
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As Radius •• S; Leg -ffiZ : : T. c. Leg iEN - T. c. Angle iEZN. 
As S. Qod, •• S. 49d, 5701. : : T. 450. i8m. •• T. 37d. 43m. 
Which fubtraS from .----- ^od. 00m. 

Refts the Aj)gl« of Pofitibn at the Lizard - 52d. 1 701. 

And ag^in. 

As Radius is to the Sine bf the Difference of Longitude ; fo 
is the Tangent Complement of the Lizard's Latitude, to the 
Tangent oftbc Angle of Pofition at the Place in the Equator ; 
That isi 

AsRadius •' S.LcgiEN: iT.c.LegjEZ •• T.c. Angle i?iNZ^ 
As S, i9od. •• S. 44d. 42m. ; : T. 4od. 30m. •• T. 3od. o6m, the; 
Angle of Ppfition at Amazones, which fubt. from god. com. 

, Refts the Angle jENZ - - - sgd. 24m. 

For the Hypothenufe Z N the Great Circle's Diftancc between 
them, that is found (by Chapter 7, SeSion 2, Cafe 3, Problem 
6, of Geography, in Pages 185, and 1S6) to be 62d. 47m. or 
3767 Minutes. 

To find the Latitude by which ;he Arc fliall pafs, at every 10 
Degrees Difference of Longitude^ from Z reprcfenting the Z./- 
%ard\ obferve the following Stereographic ProjeSion on the 
Plane of the Equator. PUtc. 6, Fig. i. 

I. Describe the Primitive Circle, on the CenteirP, whic^i re- 
prcfents the Pole pf the World, through it draw the Right Cir- 
cle PZi?v, reppcfenting the Meridian, of the Lizard, and from, 
the Half-Tangents lay 4pd. e3m. the Complement of it's Lati- 
tudie from P to Z. 

2; On the Primitive Circle lay 44d. 42m, the Diffisrence of 
Longitude from i5S toN ; alfo lay 10 Degrees from JS, to iy from 
f to g, and fo on to i. 

3. Thipough Z reprefenting the- Lizard, and N the Eotraiice 
bf Amazohcs River, driiw the Great Circle a» ZN. 

4. Draw the Right Circles P f, P g, P h, and P i, which ai« 
Meridians, and cut .thr Arc ZN in a, b, c, and d, the refpedive 
Points or Places whofe Latitudes are required. 

5. Meafurc a f^ b ps c h, and d i^ on the Scal^of Half-Tan- 
gcjQts (tbe contrary Way aod they (hew the Latitude of the Arc 
at thofe Places ; and to find tbem^ 

^, Spheric ^riffwrnefry^ 
ThftftVteral Right Circles a f,bg, ii^c. arefamsmgfiPerg^iHlc- 
culars to as many feireral Re£taiigu]ar opheric Triai^j^<^fiibich^ 
have one common Angle iENZ, the Complement. ofUaq AiiigjLtt 
of Pofition at that Place, which is in the Equator. 

Now. 
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Now in each of thcfe <Re<£^angu]ar Spberic'TTiaAgles, there is 
given a Leg, and its adjacent Angle, to find the other Leg, which 
is the Leg oppofite to the given Angle ; thatis, in the Triangle 
a f N, there is given the Leg f N, and Ai^gle as a N f, to iuid 
the Leg a f, and fo in atl the reft of theTHanghes, 

And the fcveral Legs N f,. N g, &c. are found by a continual 
Subtraiftion of 10 Degrees from the Difference of Longitude, till 
the Remainder be lefe than ro Degrees : The Remainders I call 
Vertical Arcs, and are thus found ; 

d.'-m« , 
From the Arc - - ^N 44.42 Then (by Chapter 5, Sec- 
Subtraft the Arc - iE f 10.00 tion 4^ Problem 3, Cafe 7, of 

Spheric Trigonometry Rectan- 
gular, in Pages 137 and 1I8) 

Remains the L«?g ^ ^ g -*•*' > ^% ^."4 .*«= ^T'^f L«itu"6e. 

^^ I Nh 14.4^ j of the Arc, the Proportion is 

As Radius is to the Sine of the Vertical Arc ; 
So is the Tangent Complement of the Angle 'of Pofition [at 
the Place in the Equator) tothelangent of the Arc's Latituae: 
Or thus. 

As Radius •• S. Nf, Ng, &c. : : T. AngkaNf •• T.Leg af,bg, &c. 
As 8. 9od. '-S. 34d. 42m, : : T. 59d. 24m. T. 43.543'o ~ 

. 24 42 . . . - 3S. 
14 42 - - - . 23. 

4 4a - - - - 05.__ 
I have calculated the Latitude of the Arc for every 10 Degrees 
Difference of Longitudb, but by the fame Method, the Practiti- 
oner may do it for each five Degrees, and then it will be more 

The Courfe and DiAance from each of thefe Points or Places 
are found (bv Chapter 4, SeAion 3, Problem 2. of Merdator's- 
Sailins, in rages 93 and 94) in like Manner as in the third Step 
of the laftProoiem, and is as foUoweth. 

For the Courfes, the Proportion rs, 



As Mer. Diff. Lat. •• Diff. Lone. : : Rad. •• T, of the Courie feq. 

As 532m, •• 600 Mm. : : T. 45!. •• T. 488. 26m. SW. from Z toa 
67s -• - - - - 41 ^381 fatok 

831 ' 35 5olSW.\btoc 

958 - - - - - 32 04! from 1c tod 

As 474m, •• 282 Min, : : T. 45d. .. T. 30 45 J [.d toN. 

N 4 For 



fdo 



Greai Circle Sailing. 



Ghnp. Ylll 



a. For the Diftanccs, the Proportion is. 

As S. c. Courfc •. Diff. Lat. : : Rgdius v EHftancc required- 
As S. 4id. 3401. V 363 Min. : : S. 90 •? 547-1 Min. from Z to a 
48d, 22m. M 519 - .. r - 694.31 r a to b 

S4d. iom...722 - . . - Ht'^yrom} ^^^ 
57d. 561x1. •• 920 - - - r 1080.01 j to d 

59d.15m.v473 - - - • SS0'4J IdtQN. 

This may ferve for a fufficient Explanation of this Problem, 
the whole is ii] the Table following. 




a 

c 

1 



d. m. 



49-57 



dienal \Diff, 
Parts. Lat, 



Min. 
3470 



43-'?4 2?l8 



ILli 



N 



23.13 



07-53 



OQ.OO 



2263 



1432 



474 



fO 



Min. 



Difference 

of 
Longitude. 



d. 



m. 



53210 or 60Q, 



Diff. 
of. 

Lat. 

d m, 
6.Q3 



675*10 or 600 8.39 



831 10 or 600 12 02 



958 10 or 600 15.20 



4744.42or282 7.53 



Cour/es 

from Place 

to Place. 



d. m. 



S 48 26 W 



S 41 38 W 



S 35 50 W 



Difianees 

of Places, 



Minutes 



547-1 



694.4 



890.6 



S 32 04 W; 10S6.0 



S30 45 Wi 550.4 



■^ 



The whole Dii^ance is — rr— ^ 3768.5 I 



V ' 



Cafe 3, 1 he fecondKind ; Both Pbccs in North Latitude, or: 
both in Soutl) Latitude, as for Example. 

Problem 3, Suppofe the Lizard and Ifland Barbadoes^ i I demand 
the AngWs of Pofitibn ; the Qrcak Circle's Dittance between 
them ? The Latitude of the Arc at every 10 Degrees PiiierencQ 
of Longitude i With the Courfe and Diftance frpai each Point 
pr Place, according to Mercator.^ • 

The Latitude and Lt>ng»tude of thefe Places, fuppofed ^ 
follows. 

H tO» d. m. ^' 

T^^V. Pfen« ?(• Longitude is - - 53.36 W. " . , . 
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This Problem us delineated Stereographicallv^ by the Diredi- 
ons in Problem 7, of Geography, in Pages 186 and 187. 
In the Oblique Spheric Triangle PZL. Plate 6. Fig. 2. 

1. Z reprefenU the Lizard, in Latitude 49d. 57ffi. North. 

2. L the Ifland Barbadocs, in Latitude i2d. 58m. North. 

3. The Side P Z the Complement of the Latitude of the Li- 
zard, 40d. 03m. 

4. The Side PL the Complement of the Latitude of Barbadoes, 
77d. 02m. 

5. The Angle Z P L their Difference of Longitude, 53 Deg. 
36 Min. 

6. PZL 7 .1 ^ A 1 e Ti Ti.' * ? the Lizard. 

7. PLZ 1 *^ Angle of Pofition at j ^^^ ^^^^^ Barbadoes. 

8^ The Side ZL the Great Circlet's Diilance between them. 

For the Angle PZL and PLZ, by Chapter 5, Sedlion 5, Pro- 
blem 9, Cafe 7, ofSpheric Trigonometry Oblique, in Pages 144 
145.) the Proportions are thefe.; 

As the Sine of half the Sum of the Complement of both Lati- 
tudes, is to thc'Sine of half their Difference ; 

60 is the Tangent Complement of half their Difference of Lon- 
gitude, to the Tangent of half the Difference of the Angles of 
Pofition: Again, 

As the Sine Complement of half the Sum of the Complements 
of both Latitudes, is to the Sine' Complement of half their Dif- 
ference; 

So is the Tangent Complement of half their Difference of Lon- 
gitude, to the Tangent of half the Sum of the Angles of Pofi- 
\\on : But ihorter thus, 

AsS.iSumfides .. S.^theirdiff.: iT.c.jZPL •• T-idiff'.of Ang. 
As S. 58d. ^zm. •• S^ i8d. 29m. : : T. 63d. 12m. - T. 36d. 21m. 

Again, 
As S.ci Sum fides •• S.c.^theirdiff.: : T.ciZPL •• T.JSumAng. 
As S. 3id. 28m. •• S. 7id. 31m. : : T. 63d. 12m. T. 74d. 28m. 
To which the half Difference above being .added - 36d. 2im, 

The Sum is the Angle of Pofition at Z • - - 1 lod. 49m, 

And fubtradted is the Angle of Pofition at L •■ 38d. 07m. 

For tburSideZL, the Diftance, it's found (by Chapter 7. Sec- 
tion 1. Cafe 3.^ Problem 7, of Geography, in Pa^ 187 and 188) 
to be 57d. 03m. or 3423 Minutes, Wnifin is their Diftance in the 
Arc of a great Circle. 

To find the Latitudes by which the Arc ihall pais, at every 
|0 Deg. Difiereiice of Longitude, from Z ieptefegtin|; the 



• r 
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L'"Ar4 ; defcribe the ProUem Gnoimnicallj, and then all the 
Parts of i will he right Lines, whidh isthus'done. 

Tlie Problem Gnomonically delineated. 

1. Make tbc Aogie L P Z equal to 53d, 36m. -die difference 
of Longitude. 

2. Make the Side P Z ^ual to the Tangent oF 4od. 03m. the 
Complement of the Lizard's Latitude. 

3. And PL equal to the Tangent ef 77d. 02in. theComtsle* 
ment of Barbadoes Latitude. 

4. Draw the Line LZ, which is the Great Circle's Diftance 
between them, and continue it beyond Z. 

• . 5. From P let fall the perpendicolar PB to cut LZ in B ; 
which being oieafured on the Scale of Tangents, i^ 36d. 58nu 
the Compi'imcnt of the Arc's greateft Lattttide. 

6. Then draw Lines from P, each lO Degrees diftant from Z ; 
a$ Pa, Pc, Pd, Pc, and Pf, which are Meridians, each 10 De- 
grees of Longitude from the LizaH, and from eadi other, 

7, Meafure Pa, Pc, he. on the Scale of the Tangents, and 
they £bew the Complements of the Latitudes oF the Afc^ at the 
rcrpecSlive Places, a, c, d, & ^ 

Thefe are found by Calculation after this manner, 
Firft. In the Reftan<;le Spheric Triangle PBZ ; there is 

«i- "« { S^Pzl J^ S i » «-«-«! A?gfw.Z. 

Which by Chapter 5, Scftion 4, Problem a. Cafes 4, and 6, of 
Spheric Trigonometry Redangular, in Pages 136 and 137, is thus, 

I . For the Leg B r, the ComplemeM: of the Arc's greateft La- 
titude, thus: 

As the Radius to the Sine Complement of the greateft gi^en 
Latitude; 

bo is tne Sine of the Angle of Pofition (at that Place) to the 
Sine Complement of the Arc's greateft Latitude ; That is; 

As Radius • S. Hypet. PZ : : S. Anglic PZB «• S, Lcfe;; PB. ^ 

As S. 9cd. '-S. '4od. 03m. ; : S. 69d. iiiii^A<S.'3§d. 58m« 
^hich being fubtraded from - - • •. - -^dd. com. 



«*i 



rcfts the Arc's greateft Latitude - - ^ . 53!, om. 

2. For the Vertical Angle BPZ, it's thus : 
As Radius Is to the Sine of the fffzte^ given Xvd^^i 
So is the Tangent of the Ai;gle of Pofitioh (A that Race) to 

the Tangent of the Complement of the Vertical Anglg : That is, 

A$ 
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AsRadiu3-S.c,H)rpot.PZ : : T. AiigUPZB •• T.c. Angle BPZ. 
As S. 90d, •• $• 4gd. 57m. : : T, figd 1 im. •• T. 63d* J5m. 
which Wng fiibtradted from - - - god. 00m. 

Rcfts the Vertkal Angle BPZ - r 26d. 25m. 

ft 

Secondly, To find the fcveral Latitudes of the Arc at a, c, d, 
&c. you noiay Confider, that the fcveral dotted Lines, Pa, Pc, 
&c, are lo many Hypothenufe, to as many feveral Rcftangle Sphe- 
ric Triangles, which have one common Leg P B, the Comple- 
ment of the Arc's greateft Latitude. 

In each of them, there is given a Leg, and its adjacent Anjle, 
Xo find the Hypothenufe, that is the Triangle BPa, there is giv- 
en the Leg, PB* ilnd Angle BPa> to find the Hypothenule P a ; 
and fo iii all the reft. 

Add the feveral Vertical And|es PBa, BPc, BPd, &c. are found 
by a continual* Addition of 10 Deg;recs, to the Angle PBZ, 26d, 
asm. till the Sum exceed not 8od. oim. the Difference of Lon- 
gitude given, added to the forefaid 26d. 25m. That is ; 

d. Qi. 



To dte Angle PBZ 26.25 
Add i^e Angle ZPa 10.00 



r BPa 36.25 

I BPc 46.25 
Sum is the Angle^ BPd 56.25 

/BPe 66.25 

tBPf 76.25 
as before, in Cafe 2. Prob. i, of this Chap, in Pages 190 and 
and L93, and is as followcth, 



Thefe Vertical Angles being 
thus found, the fcveral Lati- 
tudes of the Arc at a, c, d, e. 
and f, are found by Chapter 5. 
Se6l. 4. Problem 3. Cafe 9. of 
Spheric Trigonometry Rectan- 
gular, in Pages 137 and 138, 
the Proportion being the fame 



As Radius is to the Sine Complement of the Vertical Angle ; 
So is the Tangent of the Arc's greateft Latitude, to the Tangent 
pf the Arc's Latitude required : Or thus \ 

AsRad-|- S. Co. BPa, BPC,£ff^. : : T. c. Leg BP - T. c. Pa,Pc,feff . 

AsS.93d.•^S. 53d. 35m. : :T. 53d. o^m. -T. 46.5s"] f* a 

43d. 35m. - - , - 42.29JLati-\ c 
33d' 35m, - - - - 36.19 > tude 
^jd. 35m. - - - - 28.00 V of 
i.3d4 35iii. • - ^ - 17.20 J 

Wlticli- Latitude* Place in thr Table following. 

Thirdly, 




Creal Circli Stililf, 



I 


flacei 
Laii- 
lut/t. 


Pan I. 


MlT. 


Oijftrence 

'f 
mtingiiude. 


Lot. 




4q>S7 


Min. 
3+70 




Min. 


d. m. 

10 or 600 


d. CI. 

3.02 




+6-SS 


M9S 




174 


10 or 600 


+.16 


^ Tt^ 


4I.J9 


i8i( 




479 


TO or 6ie 


6.10 




36.19 








^'J' 


10 or 600 


8.iq 




iS.oo 


'7!' 




69, 


10 or 600 


Ifi.^a 




.0^6 








.71 


3.36or2.6 


A,.IZ 




i- 


I.-SS 


78! 

























Thirdly, ThcCourfe and Diftancc in the i* 
this Tabic, irc found by Chapter 4, Sc*3ia 
Mcrcator':; Sailing, in Pages 93 nnd 94,, 
in the two laft Problems in this Chapter ; 







I. For the Courfes 


the Prod 


A 


Mer. Diff. Lat 


-■Diff.Lcng. 


: Radios 




Ai 275- 
37+ 


600m 


;:T.4SJ--T.6jd.lll 












479 


- - 


_ _ - - 


Sid-* 




591 


















695 


- . 


_ . . - 


- 4od.^ 




271n 


. ■■2i6m.::T. 4sd. - 


T.38d.3 






1. Fo 


r the Diftance 


thcPrap 


A 


S. c. Cour* DiiF. L. : ; Rad 


us-Di£i 


A 


S. 24d. 


17171. 


■ 182 Min. S 


9od.-.^ 




,,d 


S6in. 


■ 266 - - 






,8,1 


,bm. 


.370 - - 


- - j^ 




^^i 






~ ' K| 




40J 


12m. 


• 6+0 - - 


- - <q 




5.d 


27ni. 


.262 - - 


- - ^ 



Thus is this Third Problem fufficjencly « 
of it. 

pafc 3. The Third Kind i One Place in N(|_ 

the other in South Latitude; u for Exar- 
Prnblcm 4, Suppofe Cape Cod in New K;- 

Bona Efpcranca : I demand the Angles of Poi.. 

Circles DUbnce between thepi : 'Hie Luitudc 
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Great Circle Saiiitig, 



every lO D^rces DifTercnce of Longitude i with the Courre and 
Diftance of each according to Mercator i 

The Latitude and Longitude of thefe Places, ruppofed to be as 
follow J 

d. m, i. m. 

CapeCod- - -)r„ S43;.ia.N. )r . t6B.5s. Weft. 
■Cafe Bona Efper. J ^'- I 37.07- S- I ^"B't- j .Q.J5. H aft. 

Their iJ iffcrencc of Longitude - - - l(ii.3o. l^aft. 

In the Oblique Spheric Triangle PZD. Plate 6. Fig. 3. 

1. Z rcprefents Cape Cod, in Latitude 42d. I2ni. North. 

2. D Cape Bona Efpcranca, in Latitude j^d. oym. South. 

7. The Side PZ the Complement of the Latitude of Ca[>e CoJ 
^^0. 48ni. 

4, The Side P D, the Oiftnncc of Cape Bona Efperanca, from 
the North Pole, which is its Latitude added 10 90 Degrees equal 
-Co I24d. oym. 

5. The Angle 2PD their Difference of Longitude 8Sd. 30111. 

7! PD2 ('^•= A"8'^ °^ P^'"'^'°" ^' Cape j ^^^ j.^^^^^^^^ 

8. The Side ZD the Great Circles Diftancc bmv(;cii them. 
For the .Angle PZD and PDZ, (by Chapter 5, SccHon 5, 

Problem 9, C^c 7, Page 144, &c.) the Proportion} are, 

d. ni. 
The Angle DPZ.i;8.30 

d. m. Tlic Half is - - -44.15 

The Sum 171.55 The half Su m 85.57 Which tub, from - q».oo 

The Diff. 76. 1 9 The half Diff. "38 09 Its Complement -"TTJi 

AsS. ; SumSiocs -- S. itheirDif. -. : T.c.ZPD ■■ T. i Dif. Ang.req. 

As S. 85d. 57m. ■• S. 38d. 09m. : : T. 45d. 45m. - T. 32d. 2710. 

' As S.04d.03m. --S. 5td. 51m. - - - - . - Ssd.ooin, 

Added, givcth the greater Angle PZD - - - iijd. 17m. 

Subtrafted is the Icfs Angle PDZ - - - - 52^. 33m. 

The Diftance 2D is found fby Chapter 5, Seflion 3, Culb 7^ 

Problem 8, of Geography, in Pages 188 and 1S9) to b;.* 11 id. 

" 09m. or 6669 Minutes. 

To find the Latitude by which the Arc fliall pafs at each i« 

Degrees Difference of Longitudc/rom Z, reprefenting Cape Cod; 

delcribe the Problem Stercographically on the Planeof the Equa- 

' tor, and then all the Meridians will be right Circles. 

' To delineate this Problem Stercographicallf, Plate 6. Fig. t- 

I. De. 



C:j. f PD ia4.07 
^""MpZ 47-48 



ao6 Great Cirtk SaiSt^. diUp. VUf ^ 

1. Defcribe the Primitive Circle, and make the Angle pP Z 
equal to 88d. 30m. the Difference of Longitude (bjr Chapter 5, 
Se£lion i. Problem 2, Cafe i, in Page ixa^ of Sffherk Qeettlfc- 
try) by drawing two Right Circles. 

2. Make the Side PZ equal tothe half Tangent of 47d. 48m. 
Complement of the Latitude of Cape Cod. 

3. Malce PD equal to the Half Tangent of i24d. ixa. (the 
Latitude of Cape Bona Efperanca added Co Qod.) by-Chap. 5. 
Se£^. I. Prob. 6. Cafe 2. of Spheric Geometry, in Pages 116 
and 117. 

4. ThenbyChapte!"5. SeSion I. Problem4. of Spheric Geo- 
metry (in Pages 113 and 114) through Z and D draw a Great 
Circle. 

5. From P (l>y Problem 5, of Spheric Geometry, in Page 
114) let fall the Perpendicular P B, tocutZDinB; which be- 
ing meafurcdon the Scale of Half-Tangents, is 4id. 06^. the 
Complement of the Arc's greateft Latitude. 

6. Then draw Lines from P, each xod. diftafit iH thb Arc from 
Z ; as Pa, Pc, Pd, Pe, t^c. which are Meridians, each lod. of 
Longitude from one to another, and from the Meridian of Cape 
Cod. 

. 7. Meafure Pa, Pc, £jff. on the Scale of Half-Tangents, and 
they fhew the Complements of the Latitudei of the Arc at the 
refpedive Places, a, c, d, {jTr, 

Thefe are found by Calculation after this Manner, which is 
in all Rcfpeils like the Work of the laft Problem. 

Firil, In the Reftangle Spheric Triangle P B Z. 

?. For the Leg BP, the Complement for the Arc*s greateft 
Latitude, it's thus : 

As Radius .. S. Hypot. PZ : : S. Angle PZB .. S. Leg PB. 

As S. 9od. •• S. 47d. 4Sm. : ; S. 62d. 33m. - S. 4zd. o6ni. 

Which fubtradcd from - - 90d. 00m.. 

Mil II ll I I ■ ■ 

Refts the Arc's greateft Latitude - - 48d. 54m. 
2. For the Vertical Angle PZB, it's thus j 
As Radius • S. c. Hypot. P2t : : T. Angle PZB •• T. c. Angle BPZ 
As S. 90d. •• 9. 42d. 22m. : : T. 620. 33m. •• T, 52d. 17m, 

Which fubtra^M from - - 9494. oonu 

Reftd the* Vertical Angle BP25 - - yjL 43m, . 
Secondly, Fof the feveral Laitftudes at a^ c, d, (^c. wtf iod. 
to the Angle ^BZ* (in Cdntinuation) eight Times, n^c&pro- 
i\3ttA the feVCrtd Vertical Angles, Wa, BPc;. BPd, (ifr,' 
- To 



Chtp. VUI. 



' &«»/ Cireii Suiting. 
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To the Angle BPZ - 37.33 
Add die Angle ZS* - io-«o 



Siim,istbeAngle< 




Thefe VcrtJCal Angln being 
thus found, the feveral Lati- 



tudes of the Arc, ata, c, d,ef ' 
U B> h, and i, are' found bf 
Cl»pter 5, Station 4, Prob- 
lem 3, Cafe 9, of Spheric Tri- 
gonocnctry kei3:angu)3r ; the 
Prt^mrtions beinz the fame as 
before in Cafe 2, Problem 1, of 
fiPg 97.4^3 1 this Chapter, in Pages 193, nnd 
94, as follow. 



^Pg 97-«|th' 
BPh 107.4.3 I 19. 
,BPi 117.43 I 



As Radius is to the Complement of the Vertical Angle ; 

So is the Tangent of the Arc's ereateft Latitude, 10 the Tan- 
gent of the Arc's Latitude irquina : Or thus. 

As Radius .. S. ?. BPa, BPc, (it. : : T. c. Leg BP •■ T. e. Pa, 



Pc, Pd, feff. 

As S. god. 



r » 



S.42d. 17m. : : T. 4Sd. 54m. ■• T.37.38 ") 

32d- I?"" - 3*-^9 I-.. 

22d. 17m. - _ _ _ _ 33.33 I ' 

t^-t7tti. - 13.42 l-S 

OM. 17m. -.---.- 02.37 [,*; 

0?d.«»- , -68.45 I S 

'7<l-43in rg.H I "" 

a7d.43ra i8.04j 

Thirdly, For the Ceurfet, and Dlftancee, they are found by 
Chapter 4, Section 3, Problem 2, of Mercator's Sailing, in Pages 
93 and 94, as ToDow, 

For the Covrfes^ the Proportion is. 



Mer. Diff. tat. 
As 358 Mm. - 6oe-Ktui. 
44» 



Diff. Long, t : Kadim •■ T. Courfe. 
f.45' 



•.45d. 



6+9 
580 



T,5gd. iim.SE.fromZto* 

47d. 58m. I e c to d 
44(l- oroi, 1 g I d to rf 
4fd;43m, ! ^ , e to f 
4^4. fJIH, ;!.!■) f tot 
4ail.4S'* Li B"" 
45*. J8111. I I h raj 



A!> 42 jMn. •■ ;f»Min. i ! T. 4sJ. •■ t. S4d. 49m. j 



(.Itotf 
J. For 
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2. For the Diftsmce, the Proportion is. 

As S. c. Courfc .. Diff. Lat. : : Radius •■ Diftance required. 

As S. 30d. ^gm.-2j^m. : : S, 90d.-534.qm. from Z to a 
36d. 45. .-369 - - - - •■ 616.7 "j ratoc 

>42d. 02. "470 715-4 I c to d 

45d. 59."588 ----- 817.6 I- dtoe 

4«d. 17...665 8909 J.f ctof 

j8d.4S.-68i- 967.. r^^iftog 

47d. 15...619 - - - - * M'fi gtol» 

44d. 02...530 762-5 '>to> 

35d. I1..-363 - -■ - - - 630.0 J litoD. 

Which place orderly, as in the Table following, and its finifhcd. 



f 


Lati- 


Parti. 


Mer.d. 
Diff. 
Lat. 


Dijjcrn,.-: 

Pf 
U'<piude. 


U.S- 


from Piece 
to PUcf. 


J..... 


Id. m. 


Min. 
1798 


Min. 
1?8 


d. tn. 

[o or 600 
.0 or 60c 


d. m. 
4-34 


d. m. 

S 59 M E 


Min. 
534-9 




37-3S 


2440 


±. 


_4€ 


6.09 


S 53.15 E 


616.7 


1 

T 

K 


31.39 


1991 


10 or 600 


7-59 


S 47.SH E 


Tl-t, 


13.10 


■4!' 


6ii 


10 or 60D 


9.4a 


S 44.01 E 


617.6 


'3-4i 


«3o 


673 


10 or 600 


K.OS 


S4,,„E 


890.9 


01-37 N 


'^7 


6B4 


10 or 60c 




S 4,.,s E 


907.1 
856.6 


08.4,- S 


5^7 


649 


10 or Oco 


K>.29_ 


S 4^.„ E 


h 


191 + 


..76 


5 HO 


[O or 600 


S ii c8 E 


,6,.= 




28.04 


.7^6 






423 


3,3oor;it 


6.C? !S 54.49 E| 630.0 


U 


34.07 


"79 


Tlie whole DiHance it ^731-7 ' 



Note; The Arc of a great Circle may be defcrifaed on a 
Mercator's Chart, and thereby much of the Catculative Work 
fpared; for having the fevcral Latitud^ of the Arc at every 
5, or 10 Degrees Difference of Longitudes, ~by~ Chapter 4, 
ScAion I, Problem i and. %, of the Ufe of Mercator's Chart, 
in Pages 84 and 85, thofe Places may be tnarlcM down in the 
Chart, and then with a black .t£ad Pencil, draw Lines from 
Place to Place, which will reprefent the great Ciftle; and bV 
Froblem 3 and 4, of the Ufes of that Cbirt^ in Pag« 85, 

the 
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the Coitrfes and Diftances from each other may be foimd, and at 
any Time thofe Lines may be wiped out, and the Chart fit to 
fcrve at any other Time, or for any other Place. 

So that any Problem^ being thus drawn, im Mercator^s Charts 
the nearer a ohip fails to it, the nearer to a Gnat Circle (he makes 
her Way good, and confequently the fliorter her Pafl'age, and 
this is the chief Ufe, and Application of Great Circle Satling^ of 
which I have given a fufficient Exjjlanation. 

Thus is finifhed the Third Pctt of Navigation^ or the TTjird 
Kind of Sailing y and now we pafs to Ajlronomy. 

hll.iMl --■ , - ., III. _i_^^_^_^___^ 

CHAPTER IX. 

Spheric Trigonometry applied in fundry Aftronomic Problems, 

ufeful in the Art of Navigation. 

WHAT a Sphere or Globe is, and the Circles generally drawn 
on it, hath been taught (Chapter 6, Seftion 2, and 3,) in 
the Defcriptipn of both Globes : But how thefe are drawn on a 
Plane, and from divers Triangles (from whence a great Variety 
of ufeful and pleafant Problems may be framed) is our prefent 
Work. 

Section I. Jflrommic Definitions. 

THE Circles drawn upon the Surface of the Sphere are either 
Great, or Lefs Circles. 

I. The Great Circles, and their Poles defcribed. 

Gnat Circles^ are thofe which divide the Globe, or Sphere into 
two equal Parts, and are principally thefe Six ; the Equinoftial, 
Ecliptic, Meridian, Horizon, Circles of Longitude and Azi- 
muth. 

I. The Equinoctial^ is a great Circle which lies in the Mid- 
dle, between the two Poles of the World, and confequently each 
Pole is 90 Decrees diftant from it, cutting all^feridians at Right 
Angles, and divides the World into the Northren and Southreix 
Hemifpheres, as the Right Circle iEAQ^ in Plate 7. Figure i 
and 2. 

The Poles of the World arc two fixed Points in the Heavens, 
diametrically oppofite to' each other, the one in the Northreii 
Hemifphcre, called the (Artie or) North Pole, the other in the 
Soutbren Hemifph^re, called the (Antartic or)^ South Pole, as 
P and I. Plate 7. Figurt i and 2. 

The Axis of the World, is an inuginary Line drawn from 
Pole to Pole, about which the Diurnal Motion (according to the. 
Coparnican Syftem) from Weft to Eaft. is performed ; as^PAL 

O 2. The 
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2. The Ecliptic (is- a- Great Circle) croffins the EquinoAtsl 
in (two oppofite Points) the Beginning of Aries, and Libra, 
making an Angle (called its Obfiqu.ity) of 23d. 29m. as the 
Right Circle, « A »». Plate % Fig. i. . . 

This Circle is divided inte Twelve tfqual Parts called Signs^ 
each containing 30 deg. whofe Names and Characters follow.' 

Libra £:T 

Sa$!arius /{/^"^^ . 
Capriaimus 'V^ f Southern 

Aquarius {» ^^S"^^- 
Plfces HJ 

The Z^diacj is a Zone or Girdle^ having eight Degrees of La* 
titude on each Side the Ecliptic ; in which Space the PlanetiC 
make their Revolutions, being divided and dlftinguifhed by the 
Twelve Signs.. 

The Poles of the Ecliptic, are two. oppofite Points 23d. agmr. 
diflant from the Poles of the World ; as K and L 

3. The Meridians are great Circles, paffing through both.- 
Poles of the World, and crofs the Equinoctial at Right Angles^ 
as PiEl, and PMl, ^c. Plate 7. Fig. \Ji and 2d. 

The ColureSj ate two Meridians, dividing the Equinoctial and 
Ecliptic into four equal Parts ; one of thefe paflTeth by the Equi- 
lioClial Points, Jriis' and Liira^ and is called the EquinoSiaT 
Colure; asPAI. Piatt y.. Fig. I. 

The other paiTeth by the Beginning of Cancer and Capricorn^ 
and is called' the Solftttial' Colure \ as P « ^ I "^ Q. Plate j. 

The Sun*s Meridian^ is that Meridian which paffeth over thd^ 
Sun's Center. 

A Star's Meridian^ is that Meridian' which paffeth through the 
Middle of that Star. 

4. The Horizon^ is a great Circle go D%g. diftant from the Ze-- 
nith and Nadir, cutting all Azimuth Circles at Right Angles, 
and dividing the World into two equal PartSj the upper and vifi- 
ble Hemifphere, and the lower and invifible Hemifphere. This- 
Circle is reprefented bv the Right Circles SAB. Plate 7, Fig. 2, 

The Zenith and Naait^ are two 'Points diametrically oppofite, 
and are the Poles of the Horizon : The Zenith is the Vertical* 
Point, or Point right over our Heads, as Z ; the Nadir is dired- 
ly oppofite thereto, as N. Plate 7. Fig, 2. 

5. The jfzifAuthy or Vertical Circleiy are great Circles con- 
curring and' ihtorfcAing each othei: in the Zenith, and Nadir;* 
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and crofs.the Horizon at Right Angles, as ZCN^ and ZAN, ^c. 
The Prime Virtical^ is that Azimuth Circle, which pafleth 
through the £aft and Weft Points of the Horizon, as the Right 
Circle ZAN. 

The Meridian of a Place ^ is that Meridian which pafleth thro* 
Jhe Poles of the World, and the Zenith and Nadir of the faid 
Place, as ZPJBNIS^.Z. Plate 7. Fig, 2. 

6. Circles of Longitude^ arc Great. Circles interfering each 
ether in the Poles of the Ecliptic^ as KAL^ or KVL, Plate 'j^ 
Figure I. 

il. the Lefs CSrclei kefined. 

Lefs or Small Circles^ are thofe which divide the Sphere into 
two unequal Parts, and when drawn parallel to fome Great Cir- 
cle, are called Parallel Circles ; they are of three Kinds, trfz. 
Parallels of Declination^ Parallels of Latitude^ and Parallels of 
'Altitude. 

I Parallels of Declination are (lefler Circles) parallel to the 
Equinoctial, imagined to pafs through every Degree and Minute 
of the Meridian, betweeh the Equinoctial and each Pole of the 
Worldi as $ f g^, "V)) h t. Plate 7. Fig. 2. 

The tw6 Tropics are Parallels of Declination, 23d. 29m. di- 
ftant fronl the Equinodial, limiting the Sun's greateft Declina- 
tion either North or South; 

The North Tr^ic, pafleth by the begiilriing of Cancer^ and is 
called the Tropic of Cancer; as $ f g. Plate j. Fig. i. 

The South Tropic^ pafleth by the Beginning ofCapricprny and 
is called the Tropic of Capricorn ; as %)> h 1/ Plate 7. Fig. i. 

The Politr Circles^ arc Parallels of Declination, 66d. 31m. 
diftant From the £quino£tial, and 23d. 29m. from each Pole of 
the World. 

That which is adjacent to the North Pole is called the Artie 
Circle 'y as K n o^ and the other the Antartic Circle i as L p r, 
Plate 7. Fig. t. 

2. Parallels of Latitude^ are (lefler Circles) parallel to the 
Ecliptic, imajgihed to pafs through every Degree and Minute of 
the Colures, beihveen the Ecliptic ind the Poles thereof^ as w x 
y. Plate J. Fig.i., 

?[. Alnucakters^ or Parallels of Abituek^ are (fmall Circlet) r 
el to the Horizon, imagined to paft through erery Dep^ 
Minute of the Meridian, TCtween the Horison ud tblf-' 
Malt. PkiiJ. Fig 2. 

o « 
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Thcfc Definitions compared with Chapter 6, Seftion 4^ (of 
theUfeoftheCoelcftial.Globe, in Pages 168 and 169, and well 
confidcred, will make .Way for the underftanding the following 
Problems. 

Se£lion IL Spheric 7rigommetry Reffawuhr, applUdin Jlftrom^ 

mic Problems y ufeful in Navigation. 

AND bccaufe the Sun's Place in the Ecliptic, is the Ground 
. of the fucceeding Problems, you have here (out of Mr, 
Thomas Streei*s Memorial Verfes on the Ecclefiaftic and Civil Ca- 
lendar) a General Rule ; which for common Ufes may ferve, 

and is as follows : 

I. To know the Day of the Month the Sun enter eth any of ibr 
Twelve Signs. 

The Rule. Twicp twenty, twice one, four threes, twice two; 

Then twenty, ninetieen, that will dOr 
That is, counting March the firft Month, the Sun enters 
IT March 20 S{, July 23 / November 22 

b jfpr'^l 20 151 Augujl 23 yp December 22 
H May 21 jii September 23 sx January^ 20 
S June 21 % Oetober 23 X February jg 

2. To find the Degree of the SurCs Place on any given Day* 

The Ruje. From the Day of the Month given, ( if you can ) fub- 
traft the Day of his Entrance into the Sign of that Month, the Rc- 
inainder is tnc Degree of the Sun's Place in that Sign. Or elfe. 

When you can't fubtraft, add 30 to the Day given ; and from 
the Sum lubtra<a the D?iy of his Entrance into the Sign of that 
Month, the Remainder will be the Degree of his Place in the 
Sign preceding the Month given. 

Example i. March 31ft, I defire to know the Sun's Place ? 

From March the 31ft, the Day given, fubtradi thcSiin's Elt- 
. trance, T March 20, 

The Remainder 11 is the Degree of the Sun's Place in T* 

Example 2, Mayihfi t5th, I defire to know the Sun's Pl^ccf 
To the Day given. May the I5t!h 
Add -— — — 30 

Sum 18^ ; — ^' ■ 45 from which 

Subtra£l the Sun's Entrance in n ^i<3rjr 21. 

. Remainder is the Sun's Place in U -^24 Pegreet. 

Prohkm 
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Problem i. The Sun's Place in the Ecliptic, and his greateft 
Declination given ; to find his Right Afcenfion, and prefent 
Declination. 

Defimti$n i. ^fcenfien^ is the Rifing of the Sun^ Star, or any 
Part of the Equinoctial above the Horizon, and Defcenfion is the 
Setting thereof. 

a. Right /fJcenfioHy is an Arc of the Equinoftial, intercepted 
between the Beginning of Aries^ and any Meridian, aud count* 
cd according to the Order, or SucceiSon of the Signs. Or, it 
is that Degree and Minute of the EquinoiSlial (counted as before) 
which Cometh to the Meridian with the Sun, Star, or with any 
Part of the Ecliptic ; as AM. Plate t. Pig. i. 

3. Declination^ is an Arc of a Meridian contained between the 
Sun, or Star's Center, and the EquinoiStial, as MC. 

4. The Sun's greateft Declination is an Arc of the Solftitial 
Colure, contained between the Equinoctial and the Ecliptic, and 
is equal to 23d. 29m. as M c^, and QjV>>. Plate 7. Fig, i. 

Example. The Sun being in 24d. 15m. of Taurus'. 1 demand 
^is Right Afcenfion and Declination.^ 

in the Redlangle Spheric Triangle AMC. Plate 7, Fig. i, 

1. AMC the Right Angle. 

2. AC the Sun's Longitude from the next Equino£tial Point* 

3. AM his Right Afcenfion from t)>e fame Point. 

4. MAC the Sun's greateft Declination, equal to 23d. 29m. 

5. MC his prefent Declination. 

Note\ the Synin V, y, n, »), sa^, X ; the ncareff Equi- 
noctial Point is the Beginning of X : Hut when the Sun is in s, 
^, TR, or /, the neareft Equinoctial Point is li. 

So that in this Problem, the Sun being m y 24d. 15m. he is 
54d. 15m. from the neareft Equinoctial Point y. 

To project this Problem Stereograpbically on the Plane of the 
Solftitial Colure. 

1. Defcribe the Primitive Circle with a Chord of 60 Degrees, 
and quarter it, with two Right Circles, ^ A Q^ (the Equinodti- 
al) and PAI (the Equino<aial Colure) placing A at the Center 
of the faid Primitive Circle, which now is the Solftitial Colure. 

2. Make (by Problem 2. Cafe i. of Spheric Geometry, ii> 
Page 112.) the Angle JEh% equal to 23d. 29m. (the Sun'a 
greateft Declination J by laying the Chord of it, from JR to %^ 
and drawing the Right Circle S A » the Ecliptic. 

3. The Ecliptic 1^ divided into the 12 Signs, each jbd* '* 
the Scale of Half-Tangents, by Problem 6, Qalc }» of jj 
Q«onictry, in Pages 116 and iij. 

<?3 - 
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4^ On the Ecliptic make AC equal to 544* 15m. (from th^ 
Sc^e of Half-Tangents) by the fame Problem 6, Cife a. 

5, Then (by Chapter 5, Se6tion i. Problem S, Cafcj, of 
Spneric Geometry, in Page 115.) drai^ ffom C a Great CTirck 
Perpendicular to i£A(X as is the Oblique Circle PCMI» to ^ut 
^AQ^in M, and it isdone. 

For in the Re<aangle-Sphcric-Triangle AMC, the Lc« AM, 
and MC are the two Things required, and may be meaiured b^ 
Chapters, Sedion 1, Problem 7, Cafes 2 and 3, of Spheric- 
Geometry, In Page 118. 

■ But by Spheric Trigonometry, having the Hypothenufe and 
one Angle given, the rroportions are as follow. 

1. To find the Sun's Right Afcenfion, by Chapter 5, Se£H- 
on 4, Problem 2, Cafe 5, of Spheric Trigonometry Rjd^angu* 
lar, in Page 136 and 137, it is thus ; 

As the Radius, is to the Sine Coniplement of the Sun's great- 
eft Declination; 

So is the Tangent of the Sun's Longitude from the neareft 
Equino&ial Point; to the Tangent of the Sun'-s Right Afcenfi- 
on, from the faid Point. Or thus ; 

AsRadius •• S. c. Angle MAC : : T, Hypot. AC •• T. Leg. AM. 
AsS.Qod. ••$. 66d. 31m. : : T. 54d. 15m. "T. 5id. 52m." 

Noti ; This Proportion finds the Suii's Right Afoenfion only 
when he is in the firft Quarter of the Ecliptic ; that is in Ts U9 
or XT : But when the Sun is in the fecond Quarter S9 ^ or ^^ 
it muft be fubtradled from iSqd. and when he is in ;^, %, or 
/, it muft be added to i86d. and in thelaft Qtiarter , s», 01^ 
^, that found by this Proportion, muft be fubtraAed from 36od. 
and fo you will have the Sun's Right Afcenfion from V> (foz^ 
any Place in the Ecliptic) defired. 

2. To find the Sun's prefent Declination, by Chapter 5, Sec*» 
tioh 4, Problem 2, Cafe 4, of Spheric Trigonometry Re£tan-» 
gular, in Page 136, it is thus ; 

As the Radius, is to the Sine of the Sun's Longitude from the 
n^areft Equinoctial Point ; 

So is the Sine of the Sun*s greateft Declination, to the Sine of 
the Sun's prefent Dieclination. Or thus \ 
AsRadius •• S. Hypot. AC : : S. Angle MAC •• S. Leg MC. 
A^ S.9od.*-S. 5Ad. 15m, : : S. 23a. 29m. --S. iSd. 52m. 

Ndtt\ The Sun being in any of the Northren Signs, T, ti» ».» 
S, ^9 <^ 4tf bis Deelination is North ; but when inany<^tlier 
Southern Signs a! % M9>, m, or Ht his Declination is South. 

In this Reaaftglc-Spheric-Trianglc AMC (Finite 7. Fig. i.) 
guy the two fuc<^ingFn>Uaiu l» rdbhred. 
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Problitn 2. The Sun's Right Afcenfion given ; to find his Place 
' in the i£diptic, and his JDeclipatiop f 

Example. The Sun'>s Right Afcenfion il8d. 9m. where is his 
Place in the Ecliptic, and wh^t is hie peclination ? 

^ere is^ one JLcg a(id its adjacent ^ngle given ; to wit, thp 
Le^ A'M $\i\ 51m. the Right Afconiton (fubtradedffom iSod.) 
and Aogle MAC 23d. 29m. the Sun's greateft Declination^ 
which Triangle is made by Problem 12, ofSphe^ic Trigonome- 
try Geometric, in Page 125, and its Solution is by Chapter 5, 
Se<S^ioQ 4, Problem 3, Cafes 7 and 9, of Spheric Trigonometry 
Redangular, in Pages 137 and 138, Or thus 5 

1. For the Sun's Place in the Ecliptic, it is thus ; 

T. Leg AM .. Radius : : S. c. Angle MAC : : T. c. Hyp. AC, or 
As Radius .. S c. Ang, MAC : : T.c.LegAM .. T.c.Hyp. AC. 
S. 9od. •• S. 66d. 31m, : : T. 38d. 09m. •• T. 35d. 46m. 
Which 'fubtraid&oin — r— — — — 9cxl. com, 

Rcftefh the Sun's Longitude — — : — 54d. 14m. 
wanting of -i ; fo that his Place is 5d. 46m. in ^1 

2. For the Sun's prefent Declination, it is thus ; 

As T. c. Angle MAC .. Radius : : 8. Leg AM • T. Leg MC,or 
As Radius .. S Leg AM ,: : T. Angle MAC .- T. Lee MC. 
As S. 9od. •• S. 51a, 51m. : : T, 23d. 29m. "-T. i8a. 52m. 
tfie Sun's Declination North decreafing. 

Problem 3. The Sun's Declination given ; to find his Place 
in the Ecliptic, and Right Afcenfion j 

Example, The Sun's Declination i6d. 39m. South increafing: 
I demand his Pl^ce in the Ecliptic, and his Right Afcenfion ? 

Here is a Leg and .its oppofite Angle given ; that is, the An^le 
Mac 23|d. 29fh. tke Sun's ereateft Declination, and the Lcjg MC 
i6d. 39m. his prefent Declination, whicli Triangle is made by 
Problem 13, of Spheric Trigonometiy Geometric, in Page 126 ; 
whofe Solution is DyChaptei' 5^ Se£tion 4, Problem 4, Cafes jo 
and 12, of Spheric Trigonometry Reftangular, in Pages 138 and 
139, thus ; I. To find his Place in the Ecliptic, it is thuis ; 
Ais S. Angle MAC ..'Radius : : S. Leg MC .- S. Hypot. AC. 
As S. 23d. 2Qm. .. S, 9od. : : S. i6d. 39m. •• S. 45d. 5901. 
the Sun's Longitude beyond £1, becaufe his Dediiiatlon is South 
increafii^g^ fo that the Sun's Place is i5d. 59m.' in n^. 

2. For his Right Afcenfion, *tisthus; 
Radius .. T. c. Angle MAC : : T, Leg MC ..'S. Leg AM. 
T. 4sd. .. T. 66d. jjim. : : T. i6d. 3910. - S. 43d. 30m. 
To which add — — — •— i i8od. 00m. 

The Sum is the SudV *n. froni 

• r- ■ 
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* 

Problem 4. The Latitude of a Place^ and the Sun's DeelinalUn 
given \ to find the Sun's Amplitude^ and Afcenfional Difference. 

Definition i . Latitude of a Place, or Latitude upon the Earth, 
is an Arc of the Meridian of that Place, containeid between the 
Zenith (of that Place) and the Equinoftial, ZE; equal ^er©^ 
unto is the Height of the Pole above the Horizon, as BP. Piatt 
y. Figure the 2d. 

2. Amplitude^ is an Arc of the Horizon, contained between 
the Ecliptic and the Equinoftial, and fheweth how far the Sun, 
or any Star, rifeth or fetteth from the Eaft or Weft Points of the 
Horizon 5 as AR. Plate 7. Figur^ the 2d. 

3. Afcenfional Difference^ is the Difference between the Right 
Afcenuon, and the Obliaue Afcenfion, or Dcfcenfion : Or it \% 
jiivArc of the Equinoctial, contained between the Hour Circle of 
fix, and that Meridian which paffeth through the Sun or Star*^ 
Center, or any Point of the Ecliptic, in their Rifing, or in their 
Setting. 

4. Oblique \ #;">?' I is an Arc of the Equinoftial contain^ 
^ ^ i JDcJcenfion^ 3 t -^ 

ed between the Beginning of T, and that Part of the Equinoc^. 

tial that \ gj[^^||^ \ with the Center of the Sun or Star^ or 

with any Point, Part, or Portion of the Ecliptic^ ii\ an Oblique 
Sphere. 

d. m. Example, 

Latitude 51 31 7 fj^,/,^ jf^^, ,., ^^^ V Amplitude 
Sun s Dec. 23 29 J 6 > j Afccnf- DifF. 

In the Reftangle Spheric Triangle PBR. Plate 7, Fig. 2. 

1. PBR theReaangle. 

2. PB the Latitude, or Height of the Pole above the Horizoi\, 

3. PR the Complement of uie Sun's Declination. 

4. BR the Complement of the Sun's Amplitude, 

5. BPR the ("omplement of the Sun's Afcenfional DifFerence^ 
To projedl it Stereographically on the Plane of the Meridian. 

1. The Primitive Circle beins defcribed and quartered (as forr 
merly) with two Right Circles SAB the Horizon^ and (ZAN) 
the Frime Vertical ; with A at i^ Center. Plate 7. Fig. the 2d. 

2. On the Primitive Circle lay the Latitude 5 id. %\m. ttocfk 
B to P, and/rom Z to Mj by Problem 6, Cafe i , of Spheric Ge, 
oraetry, in Page 1 16, and draw the two Right Circfe PAI for 
tfic Axis of the World, or Hour Circle of Six, and ^QLtbe 
^quinodial. 
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3. Then (by Problem 9, Cafe 2, of Spheric Gcdmct- ' in 
Page 121) draw 5 O J f R g parallel to iEAQ^ at 23d. 29in, 
(the given Declination) from it, to cut the Horizon S A B in R, 
the Place of the Sun's Rifing and Setting. 

4. Through P, R, and I, draw an CJblique Circle, and it is 
done : For in the Reftangula; Spheric Triangle PBR, the Leg 
BR, and Angle B P R are the two Things required, and may be 
ineafured by Problem 7 and 8, of Spheric Geometry, in Pages 
117, 118, and 119. 

But by Trigonometry, having the Hypothenufe PR 66d. 31m. 
and Leg BP 5 id. 31m. given, the Proportions by Chapter 5, 
geclion 4, Problem i. Cafes 1 and 3, of Spheric Trigononietry 
Jleftangular, in Pages i3<;, and 136, are thus; 

I. To find the Sun's Amplitude, the Proportion is. 

As the Sine (! omplcment of the Latitude, is to the Radius : 

So is the Sine of the Sun's Declination to the Sine of the Sun's 
Amplitude. Or thus; 

As S. c. Leg BP - Radius : : S. c. Hyp. PR .. S. c. Leg BR. 
As S. 38d. 29m. : S. god. : : S. 23d. 29m. --S. 39d. 49m. 

Note; The Amplitude and Declination areeverof one Name; 
that is both North, or both South. 

2. To find the Afcenfional Difference, the Proportion is ; 

As the Radius is to the Tangent of the Latitude ; 

So is the Tangent of the Sun's Declination, to the Sine of the 
Sun's Afcenfional Difference. Or thus ; 
As Radius .. T. Leg BP : : T. c. Hyp. PR .. S. c. Angle BPR, 
AsT.45d. ••T.5id. 31m. : : T. 23d. 29m, ''S. 33d. 08m. the 
Pun's Afcenfional Difference, 

Problem 5. The Latitude of a Place^ and the Sun's Declination^ 
given J to find his Oitique Jfcen/ion or Defcenfion ? 

The Hjile. I, Find the Sun's Right Afcenfion by Problem 3* 
^nd the Afcenfional Difference by Problem 4. Then, 

2. When the Latitude and Declination are both North, or 
both South, the Afcenfional Difference added to, and fubtra£led 
from the Sun's Right Afcenfion, the firft is the Oblique Defcen- 
fion, the latter is the Oblique Afcenfion. 

3. When the Latitude and Declination are one North, and die 
other South, add and fubtradas before ; the firft is the Oblique • 
Afcenfion, and the latter is the Oblique DeToeiifion -^' 

Note; When you cannot fubtrdi^, adU 360. !> 
Right Afcenfion, and then fubtrad ; sifo whep 
if the SuiA exceeds 360 Degrees, fubtraft 3601! 
ih^ Remainder is the Thing reqtiifOcU - f ' 
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EfPompti. Lat. Cid. ^im. North — — « 7 . , • 

Sun's Dcclin. ifd. 40m. South decreafing J 8'^^" 5 "^^^^ V 
his Oblique Afcenfion and Defcenfion ? 

I. For the Sun's Right Afcenfion, it's thus; 
As Radius -. T. c. Angle MAC : : T. Leg. MC -. S. Leg AM» 
As T. A-d. •• T, 66d. 31m. : : T. i5d, 40m. •• S, 4od. i2ni. 
Which fubtraded from — — ■ 36od. 00m. 

Remainder is the Sun's Right Afcenfion 319^- 48m. 

from y*, 

2, For his Afcenlional Difference, it is thus ; 
As Radius •• T. Latitude : : T. O Declin. •• 6- O Afccn. Diff. 
AsT.45d. ••T.5id.3im. : :T.i5d.4om. '-S, 2od. 39m. 

Right Afcenfion found above »« 3i9d. 48m. from Y 

Added is the Sun's Oblique Afcenfion — 34od. 27m. 
Subtraftcd is the Sun's Oblique Defcenfion 299d. 0901. 

Problem 6. The Latitude^ and the Sun's Declination given ; to 
find the Time of the Sun's Riftng and Settings and the Length of 
the Day and Night f 

The Rule, i. Find the Sun's Afcenfional Difference by Prob- 
lem 4. in Pages 216 and 217, which is reduced into Time, by 
allowing as hereunder. 

I5d. com. 1 r I. — Hour— "J 
id. com. j-forj 0.04. Minutes jof Time; 
od. 15m. J (.0.01. Minute J 

a. The Sun's Afcenfional Difference (being reduced into 
Hours and Minutes) added to, and fubtrafted from 6 Hours, the 
one is Sun-rifmg, and the other is Sun fetting. 

Note ; When the Latitude and Declination are both North or 
both South, the Sun rifeth before, and fets after Six. But if one 
be North, and the other South, he then riftth after, and fets be- 
fore Six of the Clock. 

4. Double the Hour of Sun-fetting, gives the Length of the 
Day; alfo double the Time or Hour of Sun-rifing, gives the 
Length of the Night. 

Example. Latitude 5id. 31m. North, Sun's Declination 23d. 
aqrti. North given ; the Sun's Afcenfional Difference, by Prob- 
lem 4, is 33d. 08m. .equal in Time to 2 Hours, la Minutes, 
32 Seconds. Therefore the Wprk i^ a^ follows* 

d. m. 6.00.00 
Afc. Diff.s3r33.08, ar^2j[2j2 h ' '* 

Add, is Sun-fetting rr-S. 12.3^ 1 rf ^?T '^ = *^' ^S* 4* 

SuW. i'i Sun-rifmg ==3.47«a8 J ^"' ^UNightis= 7. 45^ 

la 
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In the fame Rcftangle Spheric Triangle PBR [Plate 7. Fig. 2. \ 
inay the five next following Problems be rcfolved ; which are for 
the Learner's Exercife, * * 

ProbUm 7. Latitude of a Place, and the Sun's Afcenfional Dif-« 
ference given; to find his Declination, and Amplitude ? 

Exampli. The \ J-^"'*!?*. T -^ t'f = T"' ^°"^- 
^ ( Sun rileth at ■ yd. : 36m. 

Here is a Leg, and it's adjacent Angle given ; that is, the 
Leg BP 4id. 47m. the Latitude, and the Angle BPk4h. 30m. 
or 674. 30m. the Complement of the Sun's Afcenfional Diffe- 
rence i which Triangle is made by Problem 12, of Spheric Tri-r 
g^nometry Geometric, in Page 125; and for its Solution, fee 
, Jiapterj, Seftion4, Problem 3, Cafe 8 and 9, of Spheric Trir 
gonometry Rectangular, in Pages 1 37 and 1 38, and is thus ; 

1. For the Sun's Declination ; 
As Radius •• Afcen. DifF. : : T. c. Latitude : T. O Declin.* 
AsS.god. "S. 22d. 30m. : : T. 48d. 13m. •• T. 23d. iim, N. 

2. For the Sun's Aniplitude, it is thus \ 
AsT. Afcen. DifF. •• Radius : : S. Latitude •• T.c.QAmpl. Or, 
AsS. Latitude .. Radius : : T.QAfcen. DifF. .- T. ©Amplitude. 
As 4id. 47m. .. S. 9od. : : T. 22d. 30m. •• T. 3id. 52m. N. 
Problem^. Latitude, and Sun's Amplitude given ; to find his De« 

clination, and Afcenfional Difference. 

E bl TheJ^^'*^"^^ 3^3' *■ *7"^' North. 

^ * /Sun's Amplitude iQd. : iim. South. 

Here are both the Legs given ; that is, the Leg S I 36d. lyvnr 

the Latitude, and the Leg SR 7od. 49m. the Complement of the 

Sun'is Amplitude ; which Triangle is made by Problem 14, of 

Spheric Trigonometry Geometric, in Page 127, and it's Solution 

IS (by Chapter 5, Se^ion 4, Problem 5^ Cafe 13 and 14. of 

Sphefic Trigonometry Jleda^jgular, in P^ges 139 and I40>) ia 

this Manner. 

|. For the Sun's Declination thus ; 

As Radius •• S. c. Latitude : : S. © Ampl. •• S. O Declination rcq. 

AsS.9od. •• S. 53d;43m. : : S. i9d. iim. •• S. i5d. ainu SQut4« 

2. For bis Af<:enfional DifFi^rence, thus ; 

AsT.c. O Am. •• Radius : : S.Latitudc •• T. Afcen.Diff. Or^^ 

As Radius .. S. Latitude : : T. AmpUu -,T. O Afoen. Differ. 

As9od. •• S. ^d. 17m.: :T. |^. iim* ••T.iid.^8i]i.oroh.47iii. 

PjrohUm 9* The Sun's dedinatiooy inr" « ^1 to 

find the Latitude, and the Sun'« 
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Here 18 the Hypothcnufc, and one Leg given ; for its Solution, 
fee Problem lo. of Spheric Trigonometry Geometric, in Page 
123, Chapter 5, Seftion 5, Problem i, Cafe 2 and 3, of Sphe- 
pric Trigonometry Reftangular, in Pages 135 and 136.) 

Note ; The Latitude may be cither North or South, in this 
Problem. 

Problem 10. Sun's Declination, and ^fcenfional Difference 
given ; to find the Latitude, and his Amplitude? 

» ^1 ^u S Sun's Declination ' -2 -id. 20m. North, 

Bxample, The J 5^^ ^^^^^^^ ^^ _ ^^^ ^^^^ 

Here is the Hypothenufe and one Angle given. See Problem 
II. of Spheric Trigonometry Geometric, (in Pages 124 and 
125, and Chapter 5, Section 4, Problem 2, Cafes 4 and 5, of 
Spheric Trigonometry Redangular, in Pages 1 36 and 137.) for 
it's Solution^ 

Problem 1 1 . Sun's Amplitude and Afcenfional Difference given; 
to find the Latitude, and his Declination ? 

r» .1 ^u S Sun's Amplitude — — . 2 2d. 20m. North, 
ExampU. T^^^\^y,nk%ttthzt - ^. A 47m. 

. Here is one Leg, and it's oppofite Angle given. See Problem 
13, of Spheric Trigonometry Geometric, (in Page 126, and 
Chapter 5, Se£tion 4, Problem 4, Cafes 10 and X2, of Spheric 
Trigonometry Redangular, in Pages 138 and 139) for the Pro- 
portions. 
ProbUm 12. The Latitude of a Place, and the Sun's Declination 

given; to find his Altitude^ and Azimuth at the Hour of Six f 

Definition I. Altitude is an Arc of an Azimuth Circle, con- 
tained between the Horizon and any Parallel of Altitude ; as b f» 
Plate 7. Fig, 2. 

2. Azimuth^ is an Arc of the Horizon, contained between the 
Meridian of the Place, and any Azimuth Circle ; as B b from 
the North, or S b from the South. Plate 7. Fig, 2- 

£,»,,... The \ \^:^^,r^^. f^: X^,\ No*. 

Note ; At Six of the Clock the Sun is upon the Axis PAL 
In the Redlanglc Spheric Triangle A b f {Plati 7. Fig. 2.}, are 
to'be noted. 
• I. A b'f the Reftangle. 

2. b A f the Latitude of the Place. 

' J. A f the Sun*3 Declination, of the fame Name iMft *• 
Latitudes . '' 

3. b f the Sun^s Altitude at the Hour of Six, 
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5. A b the Q>mplcment of the Sun*s Azimuth from the North 
at 6 in the Morning, and from the South at 6 in the Aftemoom 

To projefl it Stereographically on the Plane of the Meridian. 

1. Having defcribed the Primitive Circle, quartered it, drawn 
the Axis of the World PAI, the Equinoflial JEAQj^ and the 
Parallel of Declination ^ O 1 f R g, as before direfted in Prob« 
lem 4, of this Chapter, in Page 216 and 217. 

2. Through f (where the Parallel of Declination cutteth the 
Axis PAI) draw an Oblique Circle perpendicular to the Horizon 
SAB (by Problem 5, Cafe 3, of Spheric Geometry, in Pages 114 
and 115) as is the Azimuth Circle Z f b N, to cut S A B in b, 
which forms the Reftangle Triangle A b f, and 'tis done. 

For the Leg A b, the Complement of the Sun's Azimuth, and 
the Leg b f, the Sun's Altitude at 6 of the Clock, are the two 
Things required, and are meafured by Problem 7, Cafes 2 and 
3, of Spheric Geometry, in Pages 117 and 118. 

But by Spheric Trigonometry, having the Hypothenufe and 
one Angle given ; that is A f 23d. 29m. the Sun*s Declination^ 
and b A f 5id. 31m. the Latitude ; tne Leg b f the Sun*s Alti- 
tude, and Leg A b the Complement of his Azimuth at 6 of the 
Clock J are found by Chapter 5, Se6tion 4, Problem 2, Cafes 4 
and 5, of Spheric Trigonometry Re6langular, in Pages 136 and 

137- 

1. To find the Sun's Altitude at 6, the Proportion is ; 

As the Radius, is to the Sine of the Latitude ; fo is the Sine 
of the Sun's Declination, to the Sine of the Sun's Altitude at the 
Hour of 6. Or thus ; 

As Radius •• S. Angle b A f : : S. Hypot. A f •• S. Leg b f. 
As S. god. •• S. 5id. 31m. : : S. 23d. 20m. •• S. i8d. 1 ira. 

2. To find the Sun's Azimuth, the Proportion by the afore- 
faid Problem, is. 

As the Radius is to the Sine Complement of the Latitude, fo 
is the Tangent of the Sun's Declination, to the Co-tangent of 
the Sun*s Azimuth from the North or South, at the Hour of 6. 
Or thus ; 

As Radius - S. c. Angle bAf : : T. Hypot. A f. .. T. Leg. A b. 
As S. god. .. S. 38d. 29m. : : T. 23d. 29m, •• T. I5d, 00m. 

That is. 

At 6 in the Morning the Sun is £• 154. pSm. jEjif. qr near upon 
the ENE. J E. Point of the Compafii *''" lAii^AlWaoaB 

he is nearly upon the WNW. * " 
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, Ib the fame Triangle A b f {Pldti 7. Fig. 2. ) may be jcfolved 
the five Problems iiext following, to exercife the young Learner. 

PrfiUm 13. The Latitu^ie, and Sun's Altitude at the Hour ot 
Six given ; to find his Declination and Azimuth ? 

17 ^r 'Tu- S tratitude — : 3Sd; 20m. ??.outli. 

Example. The J g^^,^ ^j^. .^^^ _ ^^j ^^ p ^^ 

Here is one Leg and it's oppofite Angle given ; thait is, the Leg 
bf od. 50m* the Suh's Altitude, and the Angle b A f, 35d. 20m; 
the Latitude ; which Triangle is made by Problem I7. of Sphe* 
ric Trigonometry Geometric, in Page 1 26 ; and for it s Solution^* 
iee Chapter 5^ Sedion 4, Problem 5, Cafes 10 and 12^ in Pages 
J38and 139. Arid is thus; . 

I. For the Sun's Declination, the Proportion is. 
As S. Latitude <• Radius : : S. O Alt. at 6. •• S. Declination* . 
As S.35d. 20m. •' S. 9od. : : S. 9d. 50m. •• S. ijd, lom. Southi 
i, For the Sun's Azimuth at 6, the Proportion is, 

• AsRadius •• T, c. Latitude : : T. O Alt,at6. •• S.c.O's Azimuth 

* As T. 45d. •• T.54d. 40m. : : T. gd. 50m. •• S. i4d. 9m. Watt 
Southerly, or WSW. | W* is the Point of the Compafs thcSurt 
U upon. , , . • r . 
Problem 14. Latitude, and Sun's Azimuth at the Hour of 6 

given ; to |ind his Declination, and Altitude ? 

J? 4.1 T^k i Latitude 36d. iobi. North. , 

£.xampie. 1 He ^ g^^,^ Azimuth — ygd. 46m. North P. M. 

Here is a Leg and it's adjacent Anglo given ; that is, the Leg 
A b lod. 14m. the Complement of the Sun's Azimuth, and the 
Angle b A f 36d. 19m the Latitude ; which Triangle is made 
by Problem 12 of Spheric Trigonometry Geometric, in Page 
125, and for it's Solution, fee Chapter 5, Sedlion 4, Problem 3^ 
Cafes 7 and 9, in Pages 137 and 138. Which is thusj 
For the Sun's Declination 6, the Proportion is ; 
As T. cG Azim. •• Radius : : S. c. Latitude •• T. c. o Dec. Or, 
As S, c. Latitude •• Radius : : T. c. O Azim^ •• T. G Declination 
As S. 53d. 41m. •• S. 9od. : : T, lod. 14m. •• T. i2d. 38m. N. 

2. For the Sun's Altitude at 6, the Proportion is ; 
As T. c. Latitude •• Radius : : S. c. G Azim. •• T. G Alt. Or» 
As Radius •• S. c. G Azimuth : : T. Latitude •• T. G Altitudeac6 
AsS.god. -S. lod. 14m. : :T.36d. igm. ••T.7d.26m. Alt.at6« 

Problem 15. The Sun's Declination, and Altitude at the Houref 
Six given i to find the Latitude, and bis Azhnudi ? 
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E^. . The Sun-; \ Jsiis^-n? ;!■ |S: K: ^ 

Here is the Hypothenufe and one Leg given ; that is, A f 2idw 
3001. the Sun's Declinationv andbf »5d. 56m. the SunVAlti* 
tude; for which fee Problem 10, of Spheric Trigonometry Ge*- 
ometric, in Page 123; and Chapter 5, SeAion 4, Problem i^ 
Cafes 2 and 3, of Spheric Trigonometry Reftangular, in Page* 
J135 and 136*. 

Problem i6. Sun's Declinationi and bis Azimuth at the Houv 
of Six given ; to find the Latitude, and his Altitude f 

Example. The Sun's { Declination igd. i+m. South. 
^ I Azimuth — ^^rod. 09m, 

Here is (as in the laft Problem) the Hypothenufeandorie Leg 
given ^ that is, A f lod. 14m. the Sun's Declination, and Ab 
lod. 09m. the Complement of the Sun's Azimuth ; for which 
fee Problem 10, of Spheric Trigonometry Geometric, in Page 
123 V ^nd Chapter 5, Se£bion 4,. Problem i,. Cafes 1 and. 3, o£ 
Spheric Trigonometry Reftangular,- in Pages 135 and 136.. 

Prollem 17. Sun's Azimuth, and Altitude at the Hour of Six 
given ; to find the Latitude, and his DecLnat.on i 

1? -^7 T^u o > V Azimuth i6d, lom. South, P.M.. 
ExampU. The Sun s } ^,^.^^j^_ ^^^^^ 

Here are both Legs given; for which fee Problem 14, of 
Spheric Trigonometry Geometric, in Page 127; and Chapter 
5, Sedion 4, Problem 5, Cafes 13 and 14 of Spheric Trigono- 
metry Redangular, in rages 139 and 140; 

Problem 18. The Latitude of a Place, and the Sun's DecHnati- 
. on given ; to find the Sun's Altitude, and the Hour of the 

Day when the Sun is due Eafl or Wefl. 

Note J When the Sun Is either due Eafl or Weft, he is 
then upon the Prime Vertical, Z A N. Plati 7. Fig. 2. 

ExampU. The { Y''^^ ■;—- 5^J- 3"n- } North. 
^ I Sun 8 Decimation 23d. 29m. J 

In the Re&angje Spheric Triangle A k 1^ Plate 7. Fig. 2* 

Obferve, That, 

J. A kl is the ReAangle.. 

2. k A 1 the Latitude. 

3. k 1 the Sun's Dec. of the fame Name with t&e Lat. 

4. A 1 the Sun's Altitude when &e is upon the Eaft or Weft 
Azimuth Circle. 

5. A k the Hour from 6 ; rf Eaft, after 6 in the Fofen 
kut when Weft, before 6 in the Afternoon. 

To projedl it Stereographically on thePJaae of tbfr] 
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1. The Primitive Circle being drawn, quartered, as' al(b 
the Axis P A I, Equinoctial S. kQ^ and Pai^Uei of Decllnftd-* 
bn S O ^ f I^ R) ^ formerly, in Problem 4, of this Chapter, to 
cut the Prime Vertical ZAlN in U the Place of the Sun when be 
18 either Eaft or Wefti 

2. Then through 1 draw ^ Gfeat Circle to cut the £quinofi:iad 
IE A Q^at Right Angles in k, by Problem 5, Cafe 3, of Sphe- 
ric Geometry, in Page 115, as the Oblique Circle P Ik 1, which 
forms the Reiftangle Spheric Triangle A k I. ' 

For the Hypothenufe A 1, and Leg A k (the former the Sun's 
Altitude, the latter the Hour from 6, when he is either Eaft of 
Weft) are the two Things required, and are meafured by Prob* 
lem 7, Cafe 2, of Spheric Geometry, in Page 118. 

But by Trigonometry having a Leg and it's oppofite Angle giv^ 
en ^ that is, kAI 5id. 31m. the Latitude, and kl, 23d. igm. 
the Sun's Declination ; th6 Leg A k the Hour of 6^ and the Hy- 
pothenufe A 1, the Sun's Altitude when Eaft or Weft, are 
found by Chapter 5, Section 4, Problem 4, Cafes 10 and 12 of 
iSpheric Trigonometry, in Pages 1 38 and 139. Thus, 
I. To find the Sun's Altitude, the Proportion is. 

As the Sine of the Latitude, is to the Radius ; 

So is the Sine of the Sun's Declination, to the Sine of his AU 
titude, when Eaft or Weft. Or thus ; 
As S. Angle k A 1 •• Radius : : S. Leg k 1 *• S. Hypot. A 1. 
As S.5id. 31m. ••S.9od.. : : S. 23d. 29m. ••S. 3od.36m. Q^Alt* 

2. To find the Hour from Six, the Proportion by the afore- 
laid Problem 4, and Cafe 10, is. 

As the Radius is to the Tangent Complement of the Latitude; 
' So is the Tangent of the Sun's Declination, to the Sine of the 
Hour from Six. Or thus ; 

As Radius .- T. c. Angle kAI : : T. Leg k 1 .. S. Leg A k. 
As T. 45d. •• T. 38d. 29m. : : T. 23d. 29m. •• S. 2od, 12m. 
the Hour from Six. 

Which reduced into Hours and Minutes of Time, and added 
to, and fubtrafted from 6 Hours, giyeth the Hour of the £^ 
required. 

That is, 2od. 12m. reduced into Time, is ih. 2i(n. almoftt 

Which .added to — — — -r — — 6h. oom. 

The Sum fhewcth the Sun is Eaft at ^ 7h. 2im, Morti* 

And being fubtr. ftieweth the Sun is Weft at 4h. 3001. AAcrOt 
In the fame Reaangle Triangle Spheric A k 1, {Fkti 7* Fig. 

2.) the five Problems following may be refolved, andaieher^ 

frapofed fipr the LcKoer's Exercife. 

Prob. 
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Pr4. ^X. The Sun Eaft, the Latitude, and the San*s Alti- 
tude given } to find his Declination and the Hour of the Day I 

^^ I Sun's Altitude %$i. lOis. Morning. 

. Hdre is the Hypothenufe, and one Angle given ; that isy the 
Hypothenufe A 1 25<1. i6m. the Sun's Altitude, and the Angle 
kAl 5 id. 30m«. the Latitude: Which Triangle is inside by 
Prdblam ii. df Spheric Trigonometry Geometric, in Page 124. ; 
and for it's Refolution^ fee Chapter 5, Se£lion 4, Problem a, 
Caies 4 and 5, in Pages 136 and 137. AndT, 

I. For the Sun*s Declination, the Proportion is. 
As Radius •< S. Latitude : : 6. Q Altitude •• S. G Declin. required* 
AsS.opd.'^S. 5id. jom. : * S.c.2sd«i6m.'* S.i9d.^om. North. 

a. For the Hour when he is £aft, the Proportion is, 
AsT.c.Q Alt. ••Rad.: : S.c.Lat. .iT.Hourfr6m6, wlienE.of 
As Radius - S. c. Lat. : : T. © Alt. T. Hour from 6, when E. 
As god. S. 38d. 30m. T. 25d. i6m. ••T.i6d 22m. pr ih. 5m. 
Which added to 6, makes yh. 5m. the Time when the Sun is £aft, 

Proilim XXi The Sun Weft, the tatltude^ and Hour of the 
Day given ; to find the Sun's Altitude and Declination f 

Xf-^^A/. rp.^ 5 Latitude - 'sod. lom. South. 

JixampU. The J jj^^^. _ _ ^^^^ ^^^ p j^ ^^ Aftemooiu 

Here iis given a Leg and its adjacent Angle s that is, the L% 
A k 4id. 15m. or 2h. 45m. the Hour from 6, when the Sun is 
Weft} and the Angle k A I jod^ lom. the Latitude; which Tri- 
angle is mad6 by Problem 12, of Spheric Trigonometry Geome- 
tric. And for its R^folution^ fee Chapter 5^ Section 4^ Pro9« 
lem 3,' Cafes 7 and ^, in Pages 137 and iq8. And, 

I. For the Sun's Declination, the rroportion is^ 
AsT. c.Lat. .. Rad. : : S. Hour from 6. •• T. Declirtation. Or, 
As Radius ••'S. Hour from6 : : T. Latitude •• T*Sua'sDeclioation. 
AsS.Qod. •• S.4id. 15m. : : T. 3od, icm. -'T. 2od. 58m. South* 

2. For the Sun's Altitude, the Proportion is^ 
AsT.Hourfromd • Rad. : : S.c.Lat. •• X-c. O Alt whcnW. Or^ 
AsS.c.Lat. .. Radius : ; T. Hour from 6 •• T. Sun's Alt;WlienW* 
As S. 5od. 50m. •• S. 9od. : : T. 4id. xsm; •<T45d. flt4m, thM 
t un's Altitude when Weft, 

Prot. XXh 'the Sun Eaft, bis Iteelinattoti, %pi his Altitude 
given i to find the Latitude and the Hour of the Day t 

JtM^H^id^ TK* Q.tti»o J Declination 2od. 50m. South. 
ekgmfU: The iJUrt s ^ ^^.^^j^ . 29d. 30m. A.M. or Morn, 

P Her^ 
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As Radius .. TXcgZiE : : T. c. Hypot. ZD •• S.c. Angle JEZQ 

As T. 45d. -T. 5id. 3101. : : T. aid. 501x1. -S. 3od. 16111* 

Which fubtraS from ---'--•- - god. 00m. 

Remainder is the Sun's Azimuth, South • • - 5Qd. 44m# 
Eafterly, that is SE. by E. J E. Is the Point of the Compafs thie 
Sun is upon. 

2. To find the Hour, the Proportion by the forefaid Problem 
ly Cafe 3, is, 

As the Sine Complement of the Latitude is to the Radius ; 

So is the Sine of the Sun's Altitude, to the Sine Complement 
of the Hour from Noon. Or thus ; 

AsS.c.LegZiE- Radius : : S. c. Hypot. ZD • S.c. Leg ^D. 

As. S. 38a. 29m. •• S. 90d. : : S* 2id. 50m* ** S. 36d. 42m. 

Which fubtraft from -------- god. com. 

Remainder is the Hour from Noon - - - • - ^jd. i8m. 

Which is equal to 3h. 33m. nearly, the Hour from Noon, 
therefore the Hour of the Day is 8h. 27m, in the Morning. 

In the fame Rcdbngle Spheric Triangle Z MY) may five Pro- 
blems more berefolved, which I leave for the Learner to invent, 
and fo pafson to Oblique Spheric Triangles in Aftronomy. 

Sc£Iion IIL Oblique Spheric Triangles, applied in Aftronomic 

Problems, ufeful in Navigation. 

|N the laft Seftion, Reflangular Spheric Triangles were appli- 
-* ed to Problems of Aftronomy ; now in like manner Oblique 
Spheric Triangles fhall be applied ; both of them being very nc- 
cefiary and ufeful in Navigation. 

Problem L The Latitude of a Place, the Sun^s PicUnathnj and 
his jf/titude given ; to find his Azimutbj and the Hour of the 
Day? 

{Latitude - - 51^. 30m, 1 
o , J Declination - isd. -lom. >Nortbr 
S""^{ Altitude - - i7d.30«.i 
In the Oblique Spheric Triangle PZ O- Pl^i J* Fig^ ar. 
is to be noted. 

1. 1 he Side Z P the Complement of the Latitude. 

2. iThe Side Z Q the Complement of the Sun's- Altitude* 

3. The Side P the Sun's Diftance from the Efevatof Pole, 
which is the Declination added to 90 Degrees, when the Lati-r- 
tilde and Declination are of a c(»ntrarv Name \ but if of one^ 
Name, it*s the Complement of the Deciiiucioxu 

4. The 
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4. The Angle P Z O the Sun's Azimuth from the North, in 
North Latitude ; but from the Souths in South Latitude. 

5. The Ande Z P O Jhe Hour of the Day from Noon. 
To projetSt It Stereographicallv pn the Plane of the Meridian. 

1. Having drawn the Primitive Circle and Quartered it, alfo 
draw the Axis PAI, and the Equinoctial £ A Q^ and the Pa- 
rallel of Declination IfRg. 

2, Draw by Problem 9. Cafe 2. of Spheric Geometry, in 
'Page 121.) a Parallel Circle, parallel to the Horizon SAB, at 

lid. 30m. (the Sun's Altitude) diftance from it, astf//, to cut 
the Parallel of Declination in O9 the Place of the Sun at that 
Time. 

7. Then through © draw two Great Circles, one through Z 
and N, the Poles of the Horizon ; and the other through P and 
I the Poles of the E<iuino£lial ; as are the Oblique Circles Z 
N and P G I ; which from the Oblique Spheric Triangle P Z 
O9 ^nd 'tis done. 

For the Angle P Z ©, and Z P 0, the former the Sun's Azi- 
muth, and the latter the Hour of the Day from Noon, are the 
two Things required, and are meafured .by Problem 8. Cafe 2. of 
Spheric Geometry, in Page 1 19, 

But by Spheric Trigonometry, having three Sides giv^nj that 
is, ZP 38d. 30m. the Complement of the Latitude Z Q 78d. 
30m. the Complement of the Sun's Altitude, and P 7^. 
jom. the Sun's Diftance from the elevated Pole ; the Angle P 
i the Sun's Azimuth, and Z P the Hour of the Day, are 
found by Chapter 5. Sedion 5. Problem 11. Cafe ii. of Sphe- 
ric Trigonometry Oblique ; in Page 147 and 148, as followeth. 

1. Add the Complement of the Latitude, Complement of the 
Sun's' Altitude, and the Sun's Diftance from the Elevated Pole 
into one Sum. 

2. From half that Sum fubtraft, (for finding the Sun's Azi- 
muth,) the Sun's Diftance from the role; but, for finding the 
Hour of the Day, fubtradl the Complement of the Sun's Alti- 
tude, noting the half Sum, and the Remainder. 

3« Then to find the Sun's Azimuth, it's thus ; to the Com- 
plement Arithmetic of the Sines of the Complement of the Lati- 
tude, and Complement of the Sun's Altitude, add the Sines of 
the afore&id half Sum, and Remainder ; Half the Total of thcfe 
four Lo^ithms, is the Sim of die Bupplement of half the Sun's 
Azimuth fronoi the Nortli, jn Nortq J^atttude; and from the 
South, in Soudi Latiti|4^ 
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But to find -the flour of the pay it's thu9 ) to the Cofuplanent 
Arithmetic of the Sinea of the Complement of the latitude, and 
the Sun's Qi^ftftnce ffpm^H^ Pole, 2udd t;he §tnes of the fai4 halt 
Sum, and the^e«i^tiik(eFi half the Total of thefe four Loga- 
pthms, is the ^ine of the Supplem^t of ][Ialf th^ Hoqr frobi 
Noon, ail which U ifhorteped thus ^ 

J. To find the A^imvftb, the Operation is ; 




Sum is - i^i«d. $6m. 
HalfSumis 95d, 55m. 



Remainder — 2id, 05m. S, 9^555971 

^^^^^j^^^s,;^,,^ Sum of the 4 Logarithms is 19.768308 
Rcmaip - iidlOcm: - - - ^gd. 59m. S. J Sun^ c^.884154 
Which double it - - 49 59 

The Rouble is - ^ - ^99 s8 Whipb 
Subtra^ from . - - i8o po 

Remainder is the Sun's Azim. 80 02 from the Nt)rth» 

Or J bj Gunter's Scali. 

As Radius *• S. c. Latitude, : : S. c. O Altitude -ra 4th Sine, 
As S. 9od. •• 5. sSd. 30m. : : S. jSi 30m. .. S. jyd. 35m. 

Then again. 
As the 4th Sine*-.S< i oum Sides : :'S. Remainder •• a 5th Sine, 
As S. ^7d. 35m- •• S, 95d. ^yin. : : 6. 2|d. 05m. •• S. 35d. 5Sm. 

Againft which, on the JLrine of Verfed Sines is 8od. 02m, 

the Sun's Azimuth to the Nortb, £a|flerly if in the Morning^ 

^pd from the North, Wetterly if in the Afternoon; that is, tbQ 

. Sun is near the £. by N. Point of the Compafs in the Morning^ 

jfx^d nes(r the W. by N. Ppint ii^ the Afternoon, 



a. Tq 



2. To^tii th^Hour of the Day, the Operatioa n^ 

Vj. . { S? ^'3' *°^" f Containing Sides ? ?' ^^- *^- ^-^5850 
SidejJ 0P 744. 50m. i **** s ^ J S, CO. ar. 0.015207 

i Sum Sides 95^. 5501. S» 9.097080 



t Z© 78d. 39m. 

Sum is - iQid. 50m. 
HaifSumis 9$d. $5111. 



Remainder ijd. 25ni. S. 9.476133 
Sum of thefour Logarithms is X9.6950oo 

- - - - 44.45 S. half Sum 9.847530 



Remainder i7d.25m. 

Which doubled - - — 44-45 

The double is - - • - 89.30 Which 
Subtradfrom • - . - 180.00 h. m* 

iUm. is the Hour from Noon - - 90.30 equal to 6 : 02. 

Or J iy Gunter's Scali. 

As Jladius •• S. c. Latitude : : S. Dift. from Pole •• a 4th Sine. 

A^S.god. •• S. 38d. 30m.': : S. 74d. 50m. •• S. 36d. 56m. 

Then again^ 
As the 4th Sine •• S. \ Sum Sides : : S. Remainder •# a 5th Sine. 
As S. 36d. 56m. •• S. 39d. 55m, : : S. i7d. 25m. •• S. 29d. 42m. 

Againft which, on the Line of Verfed Sines^ isood. 30m. or 
6h. 2m. the Hour from Noon ; that is, 58m. after 5 in the 
Morning, or 2m. after 6 in the Afternoon. 

In the fame Oblique Splieric Triangle ZPO» {flaiej. Fig 2.) 
may the nine Problems next the following be refolved. 
PrUf. n. The Latitude of a Place, the lun'x Altitude and Azi^ 
. muih ziven ; to find his Declination^ and the Hour of the Day. 
Exam. In Latitude 5 1 . 32^71. the S un being 49^. 4p/n. above the Ho* 

rizon, bis Azimuth was obferved to be North iigd, 44m. Eailer^ 

ly, I demand the Hour of the Dav, . and the Sun'i Declination. 

Anjufer. The Hour of the Day is 29m. after 9, and tlie De- 
clination af the Sun is 23d. 28m. North. 

In this Problem are two Sides, and one Angle between them 

fivenf that is, ZPjSd. 28m. the Complement of the Latitude, 
«0 4od. 20m. the Complement of the Sun's Altitvde, andPZO 
1i9d. 44m. his Azimuth; which Triangle is made by Prpb« x8. 
of Spheric Trigonometry Geomotric, in Pages i29axKi 130, andi 
is pefolvod by Problem 9, Cafes 7 and 8. of SplKric Trigono- 
metry Oblique, in Pages 144 and 145. 
Prob. III. The LaiitHdo of a Place, the Suu*s Declination and 

Azimuib giytn ; to find his Altitude^ and Hour of the Day? 
Bxampli. in Latitude 13^. 10m > Ntrth, the Sun*s Declination 
being 9^. 274Pi. 8. and' his Azimuth N. i2oJ. 30ivi. Wefterly, 
I demand the Hour of the Dav and his Altitude f 
Anfwer. The Hour of the Day 2b. Z^txi* In the Afteriiflfll 
Md the Su0-*s Altitude 19 47d. 43m. ^. % 

* 4. • *••:.• 
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Here are two Sides, and one Anele oppofite given ; that is, 
ZP 76d. 50111. the Coippleipent of t£e Latitude $ r 0^9d. Tjm* 
the Sun*8 Diftance from the Elevated Pole, andP2f Q xaod. 
jom. his Azimuth ; which Triangle is made bv Problem |6. of 
opheric Trigonometry Geometric, in Para 128 and 119,/ And 
refolved by Problem 7. Cafe 2 and 3t ofSpheric Trigomynetry 
Oblique, in P^cs 142 and 14?. 
Problem W. The Latitude o? a Place^ Sun's Altitude, and the 

Hour of the Day given ; to find the Sun's Azimuth, and his 

Declination. 
Example. In Latitude 3od. 5fm. South, at 15m. paft 3 in the 

Afternoon, the Sun's Altitude being 4id. lom. I demand the 

Sun's Azimuth and Declination ? 

Jnfwer. The Sun's Azimuth is South load. 4m. Wcfteriy, 
and his De-^ination iid, 40m. South. 

Here are two Sides, and one Ande oppofite given. 

That is ZP 5od. 09m. the Complement pf the Latitude ; Z O 
48d. 50m, the Complement of the Sun's Altitude, and Z P Q 
48d. 4Sm. Or 3h. 15m. the Hour of the Day from Noon ; and 
therefore projected and refolved like Problem 3. aforefaid, xtx 

page 231. 

Problem V. The Latitude of a Place, the Sun's Declination, and 

Hour of the Day given ; to find his Azimuth and Altitude ? 
Example. The Latitude aod. 1 im. North, the Sun's Declina-r 

on 23d. 29m. South, at Qd. 24m. in the Morning : I demand 

the Sun's Azimuth, and what is his Altitude i 

Jnfwer. The Sun's Azimuth is South 44d. 13m. Eaft, and 
Yih Altitude is 3i.d. o8m. 

Here are two aides and one Angle between them given ; That 
is ZP 69d. 49m. the Complement of the Latitude; P 113d, 
29m. the Sun^s Diftance from the elevated Pole, and ZP O 39d. 
or ah. 36m. the Hour of the Day from Noon, which is wrought 
as before in Problem 2, in Pa^ 231. 
Prob. VL The Latitude of a Place, the Sun's Azimuth, and Hour 

of the D^ygiven ; to find the Sun's Declination and Altitude, 
Example. In Latitude 13d. lom. North, the Sun's Azimuth be-? 

ing obferved at 24m. after 2, to be South 59d. 30in« Weft. I 

demand the Sun's Declination, and his Altitude ? 

AnftJifer. The Sun's Declination is ^d. ayqi. South^ and hie 
Altitude at the lame time is 47d. 43m. 

Here are two Angles, and one Side between them given ; 
That is ;^P76d. 50m. the Complement of the Latitude; rX 
I20d. 30m. the Sun's Azimuth, and ZP Q 36d. or ah. 24m. 
the Hour of the Day from Noon ; for the making of this Tri^" 
ng^s fee Pfot^lem 19. of Spheric Trigonometry Geometric^ 
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in P^ 130'. And is reTolred bv Problem io. Cafe 9. of Sphe- 
ric Trigonomctiy Oblique, in Page 146. 
PntUm VII. The Sun's Altitude, Dcclinationznd his Azimuth 

given } to find the Latitude, and Aa Hour of the Day. 
BxampU. The Sun's Altitude being obtenred to be 38a. lom. 

Oriental, his Azimuth at the fame time was loyd. lom. from 

the North, and his Declination iqi. 40m. N. I demand the La- 

titude of the Place of Obfervation, and the Hour of the Haji 

jtnfiutr. The Latitude of the Place is 5id. 30m. North, and 
the Hour of the Day is 3oni' after 8 in the Morning. 

Here are two Sides, and one Angle oppofite eiven ; that is, ZO 
5ld. 40m, the Complement of ttie Sun's Altitude ; P O yod. 
30m. his Diftance from the Elevated Pole, PZO i07d. icm, 
his Azimuth from the North ; which Triangle is made and 
wrought as before, in Problem 3. of this Seflion, in Page 232. 
Preb. WW. The Sun's Altitude, his Declination, and Hour of 

the Day given ; to And his Azimuth, and the Latitude, 
Example. At 5h. 42m. in theMorning, obferving the Sun i2d. 

jom. above the Horizon, and bis Declination being lod. 40m. 

North I I demand the Latitude of the Place, and the SunU 

Azimuth i 

Anfaitr. The Latitude is 5 id. 32m. North, and the Sun's 
Azimuth North 74d. 05m. Eafterly, or ENE. half £. almaft. 

Here are two Sides, and one Angle oppofite given -, that \%^ 
Z 77d. 30m, the Complement of the Sun's Altitude } P q 
7od. 20m. his Diftance from the Elevated Pole, and Z P o 
o^d. 30m. or 6h. 18m. the Hour of the Day from Noon ; which 
Triangle it made and wrought as before ui Problem 3. of this 
Se^ion, in Paee 332, 

Prablem IX. The Sun's Altitude, his Azimuth, and the Hour 
. of the Day given ; to find the Spin's Declination, andtheLa* 

titude of the Place ? 
EsempU. Obferving the Sun I2d. 30m. above the Hdrizon at 

i8m. paft6 a Cloclc Afternoon, and his Azimuth 74d. from 

fhe North : I demand the Latitude and the Sun's Declination I 
AnfvMT. Latitude 5id. 30m. North, and Sun's Declination it 
190. 40n), North. 

Her^ are ti^o Angles and Qne Side oppofite given ; that it, 
ZO 774. 30m. the Complement of the Sun'a Altitude j PZO, 
74d. uie Sun'j Azimuth from the North, and ZPO 94d. 30m. 
or 6h. l8m, the Hour from Noon ; which Triangle is made by 
Problem 17. of Spheric Trigonometry Geometric, andisrefolv- 
pd by Problem 8. Cafes 4 and 5. of Spheric Trigonometry Ob- 
lique in pages 143 and 144. ' 

" — Problem 




JPnUim X* The Sun's Declination, his Azimuth, and Hour 
of the Day given ; to£ndhis Altitude and the Latitude «r the 
eiace. 

£jranfli. The Sun*s Dedinatioii igd. 40m. N. and at aSm. 

. paft <8 of the Clock in the Morning his Aeimuth was obferved 

f to be io7d. 50m. frooi the North, I demand the latitude of 

• the Place of ObfenratiDn, and what was the Sun's Altitude ? 
jtttfivtr. The Latitude is 5 id. 30m, North, and die Sun's 

JUtitude is 38d. i8m. 

Here are mo oppofite Angles and one Side oppofite siven, as 
before, in the laft Problon: That is, P O 7od. 20m. uie Sun's 
J^ittance from the elevated Pole, PZo 107.50m. his Asimudi 
£rom the North, and ZPq 52d. Or 3h. 28m. the Hour of the 
3)av from Noon ; which Triangle is made and wrought bjf 
ProDlUm 9. the laft foregoing. 

i^rob. XL The Latitude and Longitude of a Star, and the Ob- 
liquity of the EcliDtic given, to find the Right Afcenfion, and 
the Ekclination of a Star ? 

Definition i. Latitude of a Star, is an Arc of a Circle of Longi«« 
tude, containing between the Star's Center and the Ecliptic. 

2. Longitude of a Star, is an Arc of the Ecliptic, contained 
^between the Beginning of Aries, and that Circle of Longitude 
which paiTeth over the Star's Center, and counted- according to 
the Succeffion of the Signs. 

Example. 

In the Oblique Spheric Triangle PKD. Plati 7. Fig. i. is 
fo be noted. 

* I . PK the Diftance of the Pole of the Ecliptic from the Pole 
of the World, equal to the Ecliptic's Obliquitv 23d. 29m. 

2. KD the Complement of the Star's Latituae, or its Diftanoe 
trom one Pole of the Ecliptic. 

3. PD the Complement of the Star's Declination, or its D\(^ 
^mce from the correfpoding Pole df the World. 

4. PKD the Star's Longitude from s, if the Star's Latitude 
•be North but from yp^ i^it be South ; that is, from S9 if the 
^Ecliptic's North Pole be one Angle; but from <i}iif its South Pole 
be one Angle of the Triangle. 

3. KPD the Star's Right Afcenfion from \$», if its Latitude be 
Vorth ; but from 9, if it's Latitude be South : That is, if the 
ecliptic's North Pole be one Angle, ifc. as before iq Note the 
4th. 

Here 
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. Here are two Sides, and one Angle between them given ; 
That is, PK 23d. agm, the Diftance of the Non;h Poloi of the 
£quino£lial and £cLLptic» KD b'jA. dim. the ComplemeaC x>f 
the Star's Latitude, and PKD iid. 58m. the Star's I^DQ^tude 
from (wanting of) Cancer ; which T^riap^le is made by Prob- 
lem 18. of Spheric Txigonometry Geometric, Chapter 5, Se^i- 
pn 5, in Pages 129 and 130. And by Problem 9, Cafei 7 and 
89 in Pages 144 and X4S> the Proportion areas follows^ 

//>//, To find the Star's Right Afcenfion, d. ^. 

|. As S, half Sum of the Sides PK and KD • - - 4S ?9 

Is to S. half their Difference - ------jjijq 

So is T. c, of half the Angle PKD 84 01 

To T. half Diff. of the Afigles DPK and PDK - - 78 40 

9, As S. c. half Sum of the Sides KD and KP - - - 44 41 
Is to S. c. half Difference ------^^68 10 

So is T, c. of half the Angle PKD 84 01 

To T. half Sum of the Angles DPK and PDK - - "85 ""27 
Unto which add thejf half Difference before found - - 78 40 

And it giveth the Angle KPD -- ----1641)7 

From which fubtra£t AQ^ ..------ 90 00 

Remainder is AM the Star's Right Afcenfion - - - 74 ^7 
from the Beginning of Aries. 

Secondly^ For the Star's Declination, d. m. 

As S. KPD Star's Right Afcenfion from Capricorn - - 164 07 

Is to S. KD the Complement of it's Latitude • - (yj c8 

j5o is S. PKD it's Longitude from Cancer ... - 11 58 

To S.PD the Complement of the Star's Declination - 44 15 

Wherefore the Star's Declins^tion is North - - - 45 1-5 

Problem XII. Tbe Right Afcenjion rf the Sun, and Rigfjt Afan-^ 
fion of a Star given j to find the Time of the Starts coming t9^ -or 
upon the Meridian* 

The Rule. . Subtradl the Sun's Right Afcenfion from the Star's 
Right Afcenfion, the Remainder reduced into Time, is the 
Time of the Star's coming. upon, or to the Meridian, Afternoon 

Note\ If you -cannot fubtnuSl, add 360 Degrees to the Star^t 
Right Afcenfion, and then fubtradl. 

(Example. The 5th of OSloher 1756 5 1 demafd at wh " 
A^eberan or the BulFs Eye^ cometh' to the X 
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c[« in. 
ri6thof0^tff^, the Sun's Declination is 998. incnmf. 

And therefore you may find that 
By Z^ \ \\Vr.l.\ ,3; } the { Ji^'l Ri,it AJc. U \ ^Jj -3 

Then add 36od. to 65d. 15m. the Star's Right Afcenfion, 
and it is 425d. 15m. from which fubtradl 2oid. 15m. the Sun's 
Right Afcenfion, the Remainder is 224d. com. which maketh 
Ilh. 56m. the Star's coming to the Meridian after Noon, that is 
56m. after Two in the Morning. 

And thus having found the Right AfcenCon, Declination, and 
Time of any Star's coming upon the Meridian, you may by 
Problem 4* SeAion 2. of this Chapter, find it's Amplitude, and 
Afcenfional Difference, and thereby it's Rifing and betting ; it's 
Piftance from the Meridian at any Altitude obferved by Prob- 
lem I. Se£iion 3. of this Chapter, in Page 229, and fo the 
Hour of the Night thereby; all which I leave for the Exercife of 
thofe that are learning thefe Things. 

ZiRion IV. The Doftrine of the 5^*^/, or Spbmc Trizonometry^ 
applied in fundry 4ftronomic ProbUms^ ufeful in Navigation^ 
according to the Pythagorean Sjfiem* 

^T^ H E Pythagorean Syftem of the World, laitely revived by 
•* Cofimscusj is now generally received by the beft Aftrono<9 
mers ; it being indeed moft agreeable to the Motion of the hea- 
venly Bodies, confirmed by Experience in the conftant Obferva- 
tion of them, in which are thefe fundamental Principles. 

1. That the Earth is carried round the Sun in a large Orb, pf 
Path, betwixt the Orbs of the Planets Mars and Venusj once in 
a Year. 

2. That befides this annual Motion, the Earth turns round 
her own Axis once in 24 Hours. 

3. And that the faid Axis of the Earth, is inclined to the 
Plane of her Orb at the fame Angle, a^id keeps in all Parts of it, 
nearly parallel to itfelf. 

On thefe Affertions, but chiefly the Second, to wit, the 
Diurnal Motion of the Earth about its own Axis, o(ice in 24 
noun, whereby all the vifil)le Appearances of t}ie Sun, and 

Fi)ie4 
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Fixed Stars are refelved, I ihall at prefent confine my Dlfcofarle, 
and on thefe the following Problems are grounded. 

In order to a right underftanding thereof, I will deferibe the 
Circles of the Sphere, and how they are drawn in the Stereogn^ 
phic Projedion, on the Plane of the Earth's Ecliptic, before I 
Ihew how to calculate any of its Requifites. 

Notiy In the following Defcription, I make ufe Tfor the moft 

?art) of the fame Letters for the fame Things, as oefore in the 
^tolomaie Projfffhriy treated of in this Chapter. 
The Defcription of the Circles of the Sphere (was grounded' 
on the antient Pythagorean, or Copernic Syftem of the World,) 
are as follow. 

1. The Sun illuminateth one half of the Body of the Earth 
continually ; as reprefented by Plate 8, Figure i and 2, where* 
in the Lines HKS,' or HLS, which determine the illuminated 
part of the Earth's Difk A O S, from the obfcure H D S ; the 
faid HKS or HLS, is called the Horrizpn of the Earth's Diflc. 

2. The Primitive Circle T S ^ >>» T, is the Eath's Eclip- 
tic ; which always lieth in the Plane of the Ecliptic in the Hea- 
ven^. 

The Poles of the Ecliptic are K and L ; the firft is the North 
Pole of the Ecliptic, on the E^grth's Globe, and the latter the 
South Pole thereof. 

The Poles of the Earth's Globe are P and I ; the firft it is 
North, and the latter it is South Pole : Each being 23d. 2901% 
from it's correfpondent Pole of the Ecliptic ; that is, KP, equal 
to LI, is equal to 2?d. 29m. on the Scale of Half-Tangents, and 
is called the Lineof Dire&ion of the Earth's Axis. 

3. The Equinoctial in the Heavens, or the Equator on the 
Earth, is reprefented by the Oblique Circle T Q,— > or Y JE 
^, of wbicn P and I are the Pples, and they are drawn with the 
Secant of 23d. 29m. according to Problem 2. Cafe 2. of Spheric 
Geometry, in Pages 112 and 113. 

4. All Meridians pafs through the Poles of the Earth's 
Globe ; as here y P a^ ory^Ir*, are Meridians, and drawn 
with the Secant of 66d. 31m. the Complemeii^ of 23d. 299». aa 
before. 

rP:^,orrI^, is called the Firft Meridian; and the 
Meridian S P Kl ^or eg LI IQb is the Earth's Solftitial Colure: 
For whenever the direded Rays of the Sun run parallel to this 
Meridian, (and that is, when the Sun appears from the Earthf 
to be either in % or yp) then the longeft and ihortcft Days are 
made in all Places on the Globe of the Earth. 

The 
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The CaitVar £quino£Hal Coltire, UTK'^, orVLri, fef' 
whenever the Central Ravs of the Sun runs parallel to- it^ th0 
Dajsand Nishts are-equal in all Places* Or, according to thd 
Ptolomic Sjmem, the Meridian T P :£ , and T I :Si , is th# 
Equinodional Colure; though here we call it the firft Meridiaft/ 

5. Circles of Longitude, pafs through the Poles of the Eclip-* 
tic, and in this Projedion, are Right Circles ; therefore are 
right Lines, as T K :2, S K 19», O KD, i!fc. 

Wherefore the Point in the Earth's Periphery, oppofite to the 
Sun, or to a Star, or lying in a right or ftraight Line produced 
from K or L, thro' the Center of the Sun, or any Star is called 
the Sun's or Star's Place in the Ecliptic. 

Theft are the Great Circles belonging to this Proje&ioni 
Kow followeth, 

The Description of the Parallels or Lefs Circles. 

6. Parallels of Declination arc here parallel to an Oblique' 
Circle; the £quino<SliaI T Q £i, smd V /R £:, being fuch. 

The Tropics are two parallels of Declination, diftant front 
the Equinoctial 23d. 29m. or 66d. 31m. from each Pole of the 
World ; as 35 f g t S, and \)» h i h »> ; the firtt is the Tropic 
of Cancer, the latter the Tropic of Capricorn. 

Thefe Tropics are thus drawn ; from the Scale of Hsdf-Tan- 
gents lay en the Solftitial Colure 46d. 58m. (the double of 23d. 
2om.) trom yp to g, or from ffi to i. -Or thus ; lay the Half- 
Tangent of 43d. 02m. (the Complement of 46d. 58m.) from 
K tog, or from L to i : Then the middle between S and g ; or 
ktween 10 and i, is the Center of thefc Tropics. 

The Polar Circles are two Parallels of Declination, diftant 
from the Equino6lial 66d. 31m. or 23d. 29m. from each Pole 
•f the World as K n o n K, and L p r p L j the firft is the Artic^ 
the other the Antartic Circle, 

They are thus drawn, on the Selftitial Colure, lay the Half-< 
Tangent of 46d. 58m. (the double of 23d. 29m.) from K to o^ 
er ffom L to r ; then the middle between K and o^ or betvi'ecn 
L and r, is the Center of thofe Polar Circles. 

7. Parallels of Latitude, with reipeA to the Heavens, art ia 
this Projection, parallel to the Primitire Circle, which faerp is 
the Ecliptic ; as any Circle drawn on K or L as a Center, is a 
parallel of Latitude. 

AU thefe Circles are general, as be|o|iging to this Projedioh, 
without having regard to the Latitiidhi w any pArticidar F4ace 
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on ^e Globe of the Earth. The Defcription of the Meridians 
or Hour Ci^^^ Azimuths and Parallels of Latitude ; sdfb hovr 
todraw^'6n^9 (thefe being peculiar to a particular Latitude) ' 
you llhair have in their (>roper Place, ai they come in Ufe in the 
foUb^hg Problems. 

Problem I. fhi Sun's PHtci m th Eeliptietvum ; to find hh Dif- 
tmuifrwi the North or South Polo oftht Globe ; bii Right Afunr^ 
Jkn\ and the Angle tuhUh t^ Meridian fajfing through itj muke^ 
witi the Ecliptic. 

Example. The Stints Place being in the Beginning ^Gemini, #r 
60 Decrees from the firji Point of Aries \ I demand his Dijlami 
from we PoUy &c. ? 

1. To do this, lay the Sun's Longitude 6od. on the Primitive- 
Circle, from T to 0. 

2. Through o and P, or G and I, draw a Great Circle 0. 
PD, or O ID, which is the proper Meridian, to the Place of 
the Sun. 

3. Then, between the proper Meridian, the Ecliptic, and the 
Solftitial Colure, there is formed a Reftanele Spheric Triangle, 
having its Legs given; to find the Hypotnenufe, and two An- 
gles ; That is. 

In theReftangle Spheric Triangle P«0, orlsO, Plate 
8. Figures i and 2. 

1. The Leg O ®, is the Complement of the Sun's Longitude 
from T, or h(s Diftance from % 3od. 

2. The Leg « P, or « I, the Diftance of the Pole of the 
Clobe from the Ecliptic ; or the Complement of the Diftance of 
the Poles of the Globe and Ecliptic 66d. 31m. 

3. The Hypothenufe P ©, or I 0, the Sun's Diftance from 
the North, or South Pole of the Globe. 

4. The Angle ® P o, or qB I O, the Complement of the 
Slinks Right Afcenfrbfl, from the neardl Equinoctial Point. 

5. The Angle P S, or I O S9 the Angle of the proper 
Meridian with the Ecliptic. 

I. For the Sun's Diftance from the Pole, the Proportion b^ 
Chapter 5, SecSion 4, Problem 5, Cafe 14, of Spheric Trigo^ 
aometrv Re£bineular, in Piiges 139 and 140, is thus. 
As Radius- S.c.Leg^o ; : S.c.LcgsP'- •• S.c.HypothenufcPQ 
As S. ood. •• Sw 6d DiBg. : : S. 23d. 29tt. --S. aod. lim. the 
RefU^mniv ^ 

That IS, 

As the Radius is ti» die Sine of the Sul^V JUdgitude from the 
£quino£lial Point y. 

So 
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So is the Sine of the two Poles Diftahce, to the Sine Complex 
mentof the Sun's Diftance from the oeardl Pole of the Globe^ ' 
or to the Sine P B« or I B, the RefledHoin, which is equal to th< 
Sun'^ Declinjition in the Ptblonudc Syfteni : Iii this Cafe 26d« 
xitn. North. 

2i For the Sun's Right Afcenfioii, the. Pit>(k>rtiQn isi 
Ab Radios •• S. Leg P. s : : T.c.L^O %^* T. c. Angle S P O. 
As S. god. •• S. 664. 31m. : 1 T. 6od^*' T.^57d.5om^ Sun's Right 
Afceniion. * That is. 

As the Radius is to the Sine Complement of the two roles 
Diftance ; 

So is the Tangent of the Sun's Longitude, from the nearefl 
Equinox, to the Tangent of his Right Afccnfibn from the (aid 
Equinox^ 

3. For the Angle of the proper Meridian with the Ecliptic^ . 
the Proportion is, 

AsRadius - S. Leg ^ o : : T. c. I^g $ P. .. T. Angle P e S/ 
AsS. 9od. •• S. 3od. : : T, 23d. 29m. •• T. i2d. 15m. 
Which fubtra£b from . - - . 9od. 20iA. 

The Remainder being - - • - 77d. 45m. is the Angle 
of the Meridian and the Ecliptic. 

In the fame ReSangle Spheric Triangle, (nily Problem 2 zxA 
3. of Section 2. of this Chapter be refolved^ which I pafs over. 

PnbUm IL The Latitude of a Place on the Globe of the Earth,* 
' and the Sun's Place in the Ecliptic given ; to find his Ampli- 
tude and Afcenfional DiBFerence, and confequently his Riung 
and Setting. 
Exampli. The Latitude 5id. 32m. North, Sun's Place lod. iti 
Gemini given ; what's the Dun's Amplitude, and Afcenfiomd: 
DiiFerence f 

1. To do this, after you have done what was dirtfted iit 
Problem x. Then get the Sum and Difference of the Latitude's 
Complement, and me Diftance of the two Poles, that is, thtf 
Sum, and Difference of 38d. aSm. and 23d. 29m. the firft b 6id^ 
57ra. and the latter is 144, 59m. 

2. Then make K /, or L / equal to the dalf-TangeAt of 6id«f 
57m. and alfo Km, or Lot equal to I4d. 59m. from the fame Sealer. 

3* The middle between m and /, is the Center of thcrCkdtf 
aiczt di b m^ which is the parallel of Latitude for jid. yzn^ 
and in this Proje&ion, it is the Line defcribed by Lntdnt^ as thdf 
Earth runs round, ud from thence U called the Path of tb« VerteXiT 
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Aifd i.^you conceive the Colures, all the Meridians^ the Path 
6f anvYertex, and indeed all the Lines and Circles that are, of 
ihall her^fter be defcribed, as fixed Aitiy clofely invefting th^ 
Earth, while (he turns round within it, whofe Motion about it's 
Axis being from Weft to Eaft ; then the Sun is faid to Rife^ 
when the Vertex pafleth that Point in that Path where it ciits 
the Horizon of the Earth's Di(k, which is here at ^ ; to culmi-^ 
nate or to be on the Meridian, where it crofleth the proper Me- 
ridian betwixt his and the Pole, which here is at 2 : and to Set 
Where the Vertex pafleth the other Interferon of the Path and 
Horizon, as here at h. 

■ 4. Thfo' a and , drJaw a Great Circle, as alfo thro* a and P, 
fo have you two Triangles on the Eaft fide of the Meridian ; to 
v^it, G P ^, and P B ^ • in like Manner if you draw Great Circles 
thro* P and A 5 aid thro' © and h 5 they will form two Triangles 
on fhe Weft, or defdendilig Side of the Meridian : But any of 
thefe four Triangles may ferve to anfwer the Problem, and there- 
fore I tak^ Okie Triangle ^t Sun-riiing, which may fuffice fo^ 
Sun-fettirtg 5 Wherein obferve. 

In the Redangle Spheric Triangle P B #. Plate S. Fig. t. 

\. The Leg P B the Refledlion, or that which is equal to thd 
Sun's Declination, found by Problem x^ in Page 239, to be 
aod. iim. North, 

2. The Hypothenufe P ^, tBe Complement of the Latitude of 
the Place, or the Diltance of the Pole from the Verte?^, in this 
Example 38d. 28m. 

3. The Angle B ^ P the Amplitude, or the Complement of the 
Sun's Azimuth, from the North in North Latitude ; and fronl 
the South in South Latitude ; for the Angle P n is the Azi« 
muth from the North at Sun-rifing, and the Angle B /? P is it's 
Complement, dnd therefore equal to the Sun^s Amplitude. 

4. The Angle B P ^7, the Hour from Midnight ; that is, the 
Tim^ of the Sun's Riiing^ after, and fetting before la at Nights 

I • For the Angle at B a P, the Sun's Amplitude ; the Pro^ 
pt)rtion by Chapter 5, Se£lion 4, Problem i. Cafe 2» in Paget ' 
135 and 136^ is^ 

As S. Hypothenufe P « «• Radius : : S. Leg BP •• S. Angle B tf P. 
As S. 38a. 28m. V 8. 90d. : : S. 2od. iin^ ^^S. 33d. 42m. 
That is. 

As the Sine Complement of the Latitude, is t» the Radius \ la 
is the Sine, of the Refle&tpn, to the Sine of the Sun's Amplitudti 
33d. 42m. from the Eaft Northerly, at Sun-rifing ; and from 
%he Weft Northerly^ at Sun-fetting. 
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i 2.. For the Angle BPtf, die Complement of the Aft«i)fi&hal 
Difference, the Propprtion by the afoirefaid Problem i. Cifc u 
in Page 135, is-.thjipV 

AsRadius»»T.c. Hypot.Pij: : T. Leg BP-S. c. Angle B Pa. 
As T. 45. ••T..5id. 32m^: : T. aod.ai^m. •• S. ayd, 34ni. 
The Sun's Afcerifibnal UiiFerence^ which is equal to ih. 50m, 
the Time the Sun rifeth before 6 i and as much after 6» is the 
Sun's. Setting, becaufe the Latitude is North, and the Sun In a 
Northern Sign ; but it is the contrary, when one is North, and 
the other South. 

•, InthislViangle ma> Probleipfl 4,5, .6, 7, 8, 9, loandi^ 
of SctSlion 2, or this Cfhapter be refolved/ . 
Problem 3. The fame given as before ih Problem 2, to find the 
Sun's Diftance from tne Vertex, when due Eaft or Weft,, and 
the Time from Noon when he fliall be fo. Plate 8. Fig. i. 

Example. 

latitude-; — 5id. 32m. N, ) ^j^en • the \ ^"J^*^ Zenith Diftance^ 
Sun's Place ood. bom. in H J ° * X Time when he'is Eaft^ 
or Weft, required ? 

• ! . To delineate this, after the proper Meridian, and Path of 
the V^crtex, or parallel of I^atitude is drawn, as before in Prob- 
lems I and 2. Then thro* p and D, draw a Great Circle, juft 
to touch the Path of the Vertex, oh either Side of it, as tlie Ob- 
lique Circle c D, and O /D. 

, 2. Through P and r, or P and d^ draw a Great Circle^ to cut 
O c d^ O // D at Right Angles, which is the Place of the Ver- 
tex, v/hen the Sun (hall appear due Eaft or Weft : And then are 
lormed two Triangles P f O, and P ^Z O j on^ when the Sun is 
Kul^ and the other when he is Weftj in each the fame Things 
are given and required : Therefore obferve. 

In the Redangle Spheric Triangle, P^ O. Plate 8. Fig. r. 

I. The HypothenufcP the Sun's Diftance from the Pole, 
found by Problem 1. to be byi. 49m. the Complement of the 
Reflcclion. 

- 2, The Leg P Cy^ the Diftance of the Pole from the Vertex, 
or'Complemcnt of the Latitude, in this Example j8i. 28in. 
» j.cTJhp Leg o r, the Sun's Diftange from the Vertex, or 
Comp^om^ent of hi^ Altitude when Caft ; And the fame wlxefa 
Weft. ^"^ " 

tT^ 4^ Tbe'Angle O P r, the Hour from Noony when he « or 
^^1* appear to be Eaft, or Weft;, 

iT.M i'orthe Leg Q f, the Sun's Zenith Diftance, the j^ropor- 
tion, by Cliapter 5, Sci^ion 4, Problem i. Cafe 3^ .iiir.Pagel 

A£ 
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flfS;€.-LegPC'.»'RaiSTas : : S. c. Hypot, © P •• S. c. Leg © c. 
tf S. 5Qd. j2tb.-!:& 9.0d. : : 2od. iitn. *-^^26d, ^xa* 
Oil's Aftitu'de when Eaft; and the fame when Weft. 

T&at is. 
As the Sine <rftlic Latitude is to thd Radius ; 
|«6^1s, the Sine df theRefle£lidn, to the Sine Complement of the 
<«ln'$ Zenith Diftance; or his Diftance from the Vertex; in this 
iifc.6:3d* 5:1 m. 
2. For the Angle © P Cj the Hour from Noon, the Propor- 
on is : 

^SiRadius-T.LegPd.: :T, c. Iljrpot.P. ©*• 8. c. Angle © Pc, 
\s T. 45d, •* T. 38d. 28m. : : T. 20d. iim.*. §. i6d. 59m. or 
b. 8m. 

That is. 

As the Radius is to the I'angcnt Complement of the Latitude j 

So is the Tangent of the Refleftiony to thcSine Coniplemento^ 
he Hour from NoOri, w:hcii the Sun isdueEaft, or Weft; th4 
lun is £aft at 8m. after 7 of the Clock in the Forenoon, and 
?Veft at 52m. after 4 in the Afternoon. 

In this Triangle may Problenis 18, 19, 20, 21, 22, and 23f 
)f Sedllon 2. of this Chapter be refolved. 

Problem 4. The fame given as before in Problem 2, to find the 
un's Diftance from the Vertex ; and his Azimuth at the Hour 
f6. Plate 8. Fig. 1. 

Example, 
r*. \ Latitude cid. 32m. N. 7 . ,^ . ., . g > ? Zen<Dift. 
"^^ 1 Sun's Place o oo in a . i S'^"'* ^ *^ ^un s J Azimuth. 
It 6 of the Clock is required r 

1 . To delineate this ; after the proper Merjdian and Path of the 
/er.tex are drawn, as^ before in Problem 2: Then through P, 
{taw a Great Circle at Right Angles, with the proper Meridian, 
u> cut the Path in ^, and in ^, and the Horizon of the Earth's 
Difk in A, where it always interfe£ls the Equator as the Oblique 
Circle A ^ P/, or A A I i, which is the Meridian- or Hour Circle 
if Six, fo that b (in the Path) is the Place of the Vertex at fix 
a the Morning ; and e it^s Place at fix in the Afternoon. 

2. Therefore through and by or © and /, draw a Great 
Circle, and you will form two Right Angled Spheric Triangles 

* P G J or ^ P O : One of them is fufficient to folve the Quefticnp 
iiihg ccjual Triangles : If you take the firft at fix in the MorA« 
Jig f It follows ; . . . 

' In the Right Ajfgled Triangle b?Q). Plate 8. Fig. > . 

• 'i. The Leg P i^ the Diftance of t"hc Pole from the Vertex j^ 
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or the Complement of the Latitude, in the Example jgd. 28m. 

2. The Leg P o, the Sun's Diftance from the Pole, found by 
Problem i, to be69d. 49m. the Complement of the Refle&ioA* 

3. The Hypothenufe A 0, the Sun's Diftance firom the Vertex, 
or Complement of his Altitude at the Hour of fix. 

' 4. The Ahgle P A O , his Azimuth from the North, in all 
North Latitudes, and the contrary in South Latitudes : For in 
what Part of the Path foever the Vertex is found, that Part of 
the Hour Circle, intercepted between it and the North Pole of 
the Globe, is the North Part of that Meridian, or Hour Circle ; 
and intercepted betwixt it and the South Pole, is the South Part 
of the Meridian. 

5. For the Hypothenufe i G9 the Sun's Diftance from the 
Vertex at the Hour of 6, the Proportion by Chapter 5, Section 
4, Problem 5, Cafe 14. in Pages 139 and 140) is ; 

f.adius •• S. c. Leg P i : : S. c. Leg P o •• S. c. Hypot. * ©. 
. 9od. •• S. 5id. 32m. : : S. 2od. 1 im. •• S. i5d« 40m. the Sun's 
Altitude at 6 in the Morning, or at 6 in the Afternoon* 

That is ; 

As the Radius is the Sine of the Latitude ; 

So is the Sine of the Reflection, to the Sine' of the Sun's Alti- 
tude, or Complement of his Diftance from the Vertex^ at the 
Hour of 6, equal to 74d. 20m. 

2. For the Angle PA G, his Azimuth at 6, the Proportion is ;* 
As Radius •• S. Leg P i : : T. c. Leg P •• T, c. Angle P A 0, 
As S. god. •• S. 38a. 28m. : : T. 2odr iim. •• T. I2d, 52m. Sun't 
Azimuth from the £aft, at 6 in the Morning; but from the 
Weft, at 6 in the Afternoon. 

That is ; 

As the Radius is to the Sine Complement of the Latitude ; 

So is the Tangent of the Reflection, to the Tangent Com^k 
plement of the Sun*s Azimuth from' the Meridian, at the HbUit 
of 6, equal to 77 Deg. o8* Min. from the North ; that is almoft 
E. by N. at 6 in the Morning, and near W. by N. at 6 in the 
Afternoon. 

In this Triangle may Problems 12, 13, 14, 15, 16 and 17,: 
of Section 2, of this Chapter be refolved. 

Prob. 5. The Sun in the EquinoAial, the Latitude of aljlacc,^ 
And his Altitude given, to find his Azimuth, and- Hour of the' 
Dav. 

Note.\ The Sun is (aid to be in the. £quino£liaI, when he is 
in the beginning of y, or ::x ; and then hehatji nbpcqliijation. 
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2? M \ Latitude cid. 32m. N. t . 1^ KSunU Azimuth. 
^'•'^} O ^/tf/«A 33d. om. AM. { ^«*»- "' } Houro/ibiDoj 
Required? To delineate this, Plate 8. Fig. i. 

I.. The Sun in the Beginning of y, then the Horizon of the 
Earth's Di(k is 9 P K \]p, and the proper Meridian then as T- 
P :Si i the Sun's Rifing ^iL9ndon^ is at m, his Setting at /, t^c^ 
The Path of the Vertex being drawn as before in Problem 2. 

' 2. Then (hy Problem o. Cafe 2.} of Spheric Geometry, (in 
Page 121) draw a parallel Circle at syd. diftance from j/rreSy to 
cut the Path in i, the Place of the Vertex of London^ when it's 
Diftance from the Sun is ^ji, the Complement 6f the Sun's Al- 
titude. 

3. Draw a Meridian through P and b^ and a Great Circle 
through b and Y*> the Place of the Sun, fo will you form the 
Triangle T P*, a^d i PK; either of them will folve the 
Q^cftion i 

In Jthe Re£langle Spheric Triangle PK*. Plate 8. Fig. !• 

J. The Hypothenufe P i, the Diftapce of the Pole from the 
path of the Vertex, or Complement. Qf the Latitude, equal to 
38d. 28m* 

2. The Leg K *, the Sun's Altitude, or the Complement of 
his Diftance from the Vertex, equal to. 33d, 

3. The Angle P A K, (the Supplement of the Angle P i y* 
the Sun's Azimuth from the North ][' is the Smi's Azimuth from 
the South, in all North L^litudes ^ bu( from tlie North, in all 
South lyatitudes. 

4. The Angle A P K^ the Complement of the Angle P h Tf 
(the Horizon n-om Noon) is the, {{our of the Day from Six. 

I. For the Angle PAK, the Suq's Aziinuth from the Meridian, 
the Proportion (by Chapter 5, SiijStion 4, ProWem i, Cafe i, 
in Page 135) is. 

As Radius .. T. c. Hypot, P * ; r T. Leg K * •• S. c. Angle P* K. 
A«T. 45d. .. T. 5id,32m; : : T^ 33d- •' S. 54d. 4^. the Sun'j 
Azimuth from the Eaft. That is. 

As Radius is to the Tangent of - tlie^ Latitude i 
So is the Tanjge/it of the Suq*^ Altitude (whien Id 
po6lial) to the Sme Complement of hib AaBtmuth hoS 
tfiat is 35d. iim. South Eaftcrl3ri'<#SE. by S. 4 E-' 
it. For the Angle P ^ K, the Hour from 6, w ' 

as 



t4C Afironomic Befimiions. C\iff,l^^ 

A« S. Kyppit. P * •• Radius ; : S. Leg K i ..^, Angle * P^^ 
As ^. 3W. iBrn. •• S. god* : : B. 3 jd. oom, •• S. 6id. (i6Wi; '* 
c^ua| tp 4I1. 4m. That is, 

As the Sine Complement of the Latitude is to the Radius : 
JSoistheSincof the SUn^s Altitude (wffcii 'ihtheE^uin6<aiilX 
to the Sme of the Hour from Six, 613". 6m; j^ual to 4hV4.i*i/ 
which add to 6 makes 4m* a:fter lom^ fri the Arornfnjg ; but4fa4 
it been in the Afternoon, itmufthavcbeenrubtri£tedirom^-6; ^^ 
In the fame Triangle, .i&ve Problems mqre qi^y be f]e(olyed, 
^bich I leave for the Learner to invent. -" ., -: 

• ■ ■ ' . '■ • , , . , ' . 

PrabUm iS. The Latitude of a Place, the. Sua'« Place in .tba 

Ecliptic, and his obferved Diftance from the Vertex givep j ti^ 

find his Azimuth, and the Hour of the Day. 



.1 



r Latitude 5,Td^ 3^m.. N- 1 .^,v^j, f gv^^s . Axin>. "IS . - . 
Tl)e4 Sun's Piape, qo^. QQ.a). in jc V^J^;'^^! Hoar of theig 
jL O's Altitudc36d. com. A.M. J "^^ (. Day, . J ^ 

To delineate^his. Plan 8. • if/^ur/ i. . 

1. Draw a Parallel Circle 54d. diftant from p, (thePlaccof 
the Sun) and where it cuts the Path (of the Vertex) is fhc Place 
of the Vertex, when it*s TDinance from the Siin is 54d, 'pr w];ie4 
the Sun's Altitude is 364. as here it doth at 7 and 5. * " - 

2. ThrQugh? qndP; and tfirough 7 and Q, draw Great Cir- 
cles, which will form the^ OWiqiie Spheric iTriangle P 7 5 
%Yic like may be done through 5 and P, and through 5 and O % 
which will form t)vo other Xriangles equal to them. 

In the Oblique Spheric Trkmgle O P 7. Plate 8. Fig, i. 

7. The Side P Oj the Diftance of the Sun from the Pole, 
found by Prol^lem i. to be-J^gd. 49m. the ' Complement of the 
Refie<^ion 2od, i loi^ "equal to the Sun's Declination. ) 

2. The Side P 7, the Distance of tjhe Pole from th.c Vertex, or 
the CompleiTient of the Latitude equal to 38d. Tiim. 
' 3. The Side O 7, 'theSun'sDffta'ncefrdm the Vertex, orttt^ 
pomplemcnt of hi^ Altitude jn the Fof cngon (54j3. ponoi, 

4. The Angle p 7 p/ tkc^ Siin^s Azimutk from tfec North* 

5. The Angle © P 7, the Hour 6( the "Day from Nooi). ' \ [ 

The Angles P j ©and O P 7 pxay bp fqund b)r Chapter 5^ 
^(Stion 5, Prpbleni n', Cafe i|„. of Obli^que Spheric Tngono- 
metry, in Pages 147 and j^S^foV th«re are^ti&ree Sides given, tp 
&:d an Angle 5 and when wrought you'U &pA t|^ Angk P 7 O 



S^-jy.^ 4lirmwc Problem^ ^j 

l^Zi-* IX^K^^ Sun's A^iniuth, froin,the Nprtlu^r 7^6d,.48m^ 
from tjjijp. Sputh.Eafterly, 'which makes E. Ijjr S . \lmoft. 

And the Angle O P 7 is.syd. 04m. 0r,3h. 48m. the Hpur 
from Noon, which is 8h. izm. in the Morning. 

Biit had it been in the Afternoon, then the Hour of the DaV is 
3h. 48.71. and the Azimuth jdd. 48m. South Wcfteriy, or vV. 
by S.-almpft. ...... ^ 

In this Triangle may Problem i^ 2, 3, 4, 5, 6, 7, 8, 9, and 
10, of Seffion 3, of this Chapti^r be refolved, - 

Problem 7. The Longitude and Latitude of a Star given j to £a4 

it's Right Afc^nfion and Declination. 

Example. Let the pcopofed Star be CapeUa^ nirid fupporfmg iti 
Longitude 1 8d. 02m. in It. ;7 i^ <. • v' -J R^ight Afcenfion-?-; 
Latitude 2ad. 51m. North. \ ^^^^ '^ ^^ ^. ^Declination ? : 
To delineate this Problem. Plate 8. Fig. i. 

I.. Lay ofFthe Star's Longitude 78d. 02m. (^i^m the Chords) 
on the Primitive Circle from x t;o ^, and draw the Circk o£ LoiU- 
gitudeliC/. "1 

2. From the Half-Tangents lay 67d. 08m. -{the Complement 
cf the Star's Latitude, -or it's Diftancfe from -the- neareft Pole <rf 
the Ecliptic) on the Circle of Longitude from K to *. 

3. Through P and *, draw a Great Circle^ which is* a Mc* 
ridianpaflingover the Star, and it is done. - * \ 

In the Oblique Spheric Triangle K P ♦, Plate 8,- Fig. ^ 
Obfcrve : 

1. The Side P K, the Diftance of the two'Poles, or Line of 
Direflion of the Earth's Axis equal to 23d. 29m.- " 

2. The Side K ^^ the Star's Diftance from the Pole of the 
Ecliptic, or the Complement of it*s Latitude, equal to 67 Dcg. 
oSMin. • ^ 

3. The Angle P K *, the Star's Longitude from the Solltitial 
Colure," in this Problem iidi 58m. from 35. •' ' 

4. The Angle KP * , the Star's Right Afcenfion from the op^ 
pofite Point of the fame Colure. 

5. The Side P *, the Star's Diftance from the Pole of the 
Globe, or Complement of his Declination. . . ■ 

So that here are two Sides and an Angle"betwecn them givcn^ 
fo find an Angle, and the third Side; wh^ch is performed b)t 
Chapter 5, .Section 5, Problem 9, Cafes 7 ,and 8, of Obi?*' 
Spheric Trigonometry, in Pages 144 and 145, ind b^ 
^ame as Problem 1 1. of Sedlion ^, 01 this ChsptfT, i^ 
I leave it Jo the Lcjirnpr's Workmg. • ' « ' ^ • 

QL4 



f 4t 'j0r9nomsc Problems. Cha^. IX. 

Problem %. The Latituiie of a Place, the Sun's Place, in the 
Ecliptic, and the Time of the Day given; to find wh^t'Poinf 
of the Ecliptic cuiooinates thp higheft Point of the Ecliptic, 
(called the Nenagijknal Degruy or 90th Degree of the Ecliptic) 
the Diftance of each of thefe from the Vertex, and the Paral- 
lactic An^le, or Angle >vhich the Vertical Cirple makes with 
the Ecliptic. 

It is iifual to find thefe Things in the Calculation of Eclipfes, 
and the Moon*s paiflip^ over Fixpd Stars ; which in tjie Ptolo- 
piaic Proje&ion ape, with much Difficulty, ihewn^ but in this 
noft reaaily and eafily reprefented. 

Example, 
Latitud 5id. 32m. N. 1 f Point Culminating, 

Siin*s place ood. 00m. in IC [given; the^ Nonagefimal Deg. 
Hour — gh. oom. AM. J (^ Vcrf, pifl. of c^g\i 

required ? To delineate this, Plate 8. Fig. i. 

1. The Sun*s Place, proper Meridian, and Path of the Ver- 
tex, beixig dr^wn as before, ^^aw an Hour Circle, or Meridiat| 
through r, making an Ande with the proper Meridian o( 45d. 
(the Diifamceqf the given Hour from the proper Meridian) as ^ 
9, to cut the Path of the Vertex iii 9, and the Earth's Ecliptic 
in C, and in F. 

- 2. Through O Q, and D, draw a Verticlc Circle ; and thro* 
K and 9, draw a Circle of Longitude, to cut thp Primitive Cir^ 
cle in N , jnd it is done : For, 

1. C is the Point of the Ecliptic culminating, or in the Me- 
ridian of the Place, at the given Time. 

2. N is the Nonagefimal Degree^ or the highefl Point of the 
Ecliptic at the fame Time, 

3. C 9 and N 9, are their fefpedtve Diflances from Londotft 
Vertex at that Time. 

4. The Angl^ N O 9, is the ParallaAic Angle, or Angle which 
the Verticle Circle makes with the Ecliptic at the fame Time. 

Ip the Re£hingle Spheric Triangle ? %Q. 

1. The Angle CP s, is the Complement of the Right Af- 
cenf^P^ of the ^d-heaven, or Point of the Ecliptic in the Meri- 
dian of the Place at the propofbd Time, being the Time fron| 
Noon^ (when VVfternoon added to the §un'8 Kight i\fcenfion, 
found by rrol3lem i. But when the propofed Time is ill the 
Forenoon |t muil be fubtra£ted) in this Cafe is^yd. iim. the 
Complement pf |2d 49m. found by fubtraAing (the Tiine) 45d. 
from 57d. 49m. the Sun's Right Afcenfton. 

2. The L^ P %^ is the Complement of the Diffamce of the 
P^^ of the Equinodlial, . and Ecliptic> equal to 66d. 31m. 



5eft. IV. Al^ronmmc Prohlmii t^ 

3. The Leg C c the Complement of X C* >* ^^ Longitude 
jof the Mid-heaven from 9» or the Point of the Ecliptic culmi- 
natingin the Meridian, at the propofed Time. 

4. The Hypothenufe CP, is the JDiAaiice of the Mid-heaven 
from the next and neareft Pole of the^quino£lial, at the fame 

Time. ' . 

. I. For the Leg C S, the Point culminating, the Proportion 

by Chapter 5, Seftion 4, Problem 3^ Cafe 7, in Pages 137 and 

138, is; 

As Radius •• S. Leg P 9 : : T. Angle CP % - S. Leg C s. 

As S. 9od«*«S.66d. jxm^ : :T. 77d. ixm. --T. 76d. 03m«whoft 
Complement X3d. 57m. is Y* C; therefore the Longitude of 
Mid-heaven is 13d. 57m. in T. . . *. . 

2. For the Hypothenufe CP the Proportion is 4 

Radius •• S. c. Angle CP S : : T. c. Leg P ^ - T. cHypot. CP. 

S. ood. -'S. I2d. 49m. : : S. ajd. ^gm. -S. 5d. 30nu whofe 

' Complement 84. 30m. is PC, from which tak^ away P g 
the Diftaiice of the Pole from the Vertex 38d. 28m. tfje Re- 
mainder is o C, the Diftance of the Mid-heaven from the Ver« 
tex 46d. 2m. 

In the Oblique Spheric, Triangle P o KJ^ 
|. The Side PK, the Diftance of the two Poles 23d. 29m. 

2. The Side P 9, the Complement of the Latitude of the 
Place 38d. ajBm. 

3. The Angle K P 9, the Difference of the Rrght Afcenfion 
of the Mid-l^eayen, and the firft Point of Capricorn^ equal to 
I02d. 49ni. found by fubtra<%ii^g 170 Degrees^ out of (xad. 49(0* 
a(Jde4 to 360 Degrees, wljich is) 372d* 4^m. 

4. The Angle P K 9, the Longitude of the Nanagijmal^ from 
the firft Point of 5 . 

5. The Side K 9> l^he Complement of the Uonagefmal Dif- 
tance from the Vertex. 

Firft, for the Angle P K 9, the Proportion by Chapter 5, 
Scdtion 5, Problem o. Cafe 7, in Pages 144 and 145, is thus ; 

1. As the Sine or b^lf the Sum qi the Side^ P 9, and P K, is 
to the Sine of half their Difference ; 

So is the Tangent Complement of half the Angle K P 9,. to 
the Tangent of half ^e Difference of the Angle P IC g, and Pa 
K; Then; ■ . ■ 

2. As the Sine Complement of Half die Sum of llie Sides 
P 9, and P K, 19 Fo the Sine CfMiud^ ^ "" " dwir Difie* 
fence ; * 

So is the Tangent Comr 
^e Tangent of half the Sf 



JL^ ^j^rcmmc Pnqhlmsl Ch9f>. IX. 

. ■ , T^^t is,. . . 

. c. in. Aft m* d. ni« .. . d, nt* 

i. As S. 30.59. •• S. (>7«:^9 .: : T. 38.36 ••T. 11.25. Aii/! 
^ As Si* 59.01. •• SrSi^gi : : T. 3^.3^6 'r T« 42.43. t^^^tch 

fcf»Pg ?riciejd, is the Angle P;K 9 - - - 54-3iB-^uaItosN. 
which fubtfaA from ------- qo.60. 

Jleniuui)dcr is the LongJ o(. the No fiagefimal 35.52. from Jrifs^ 
• Thisicfore the Place of |Jie Nonaggjifnal sd^jzm. in Tl^uria. 

Secondly, For the Side K 9. the Proportion is thus 5 
AsSvAMlePKg .. S.SidiiP'g : i S. AnglflrKP.9 - S. Side IC9. 
As^*/54A«o8m. --S. 38d.aSm« : : S. coad. 49m. --S. 48d. 28m. 
ilie il>iftt(pce of the Vertex fi:om Tihc.P^ of .the Ecliptic ; equal 
to which is the Altitude of the Nonagejimal whofe Complement 
4id. 32m. is N 9, it'sl^iftance from the Vertex. 

•■// Ag^"> in the I^^^ngje Spheric Triangle O N 9. 

lu TbeXcg N, Uic ^.lin^s Dilt^ri^c from the Nonagelimiil in 
tb^ jCafe 24a. 08m. found', py iubtraftihg X N. 35a. ^a^m. 
jcgmT (?) 6od. 00m. 

' 2'. The Leg N 9, the Diftance of the Nofiagefimal from the 
Vertex, found as abov.e.tp-bc 4id. 32m. 

3f , Xi^ Hyppth^niife Q p> ,the ^iMi's Diftance from the Vertex. 
, ^. TJhe Angle N 0^9, jPiw^ .^tiyc^n .IheX Circle^^nd 

the Ecliptic, is the Par'atlaffic Angle ; tdTind which tlicPrar 
j/Otp^Xk (by. Chapter 5^ 59,<^.®ft45.5rob4Qipi^5, Cafe 13, in Pa- 
tip i39:aniJi40) i^, ' 

As^aaiiif •• S. Leg N : : T. c. Leg N 9 •• T. c. Angle N© 9, 
AsS". god.'-S. 24d. o^m..:.; X.48d.28n). ••T.24d.47m. whofe 
,. iCpnsiplemen.t 6jd. 'SP^ii^ ^h^ Paralla<Sic Angjie N Q -9 at the 

Sun. 

And for the HypotheAufe -O 9> the Sua's Diftance from the 
Vertex, the Proportion is, 

AsKadius •• S. c. Leg N. : ': S. c. Leg N 9 •? S. c. Hypot. G 9, 
AsS. god. •• S. 65d. 52m. : : S. 48d. 28m. •• T. 43d. 5m. whofii 
' Gon^iement 46d. 55m.' is^he Sun's Diftance from dbe Verccx^^ 

at the propofcd Time. " ' ... .. . : 

. :J3ut to .calculate the Psaalla£tic Ang^jit'idtte M^ 

Star, that has Latitude from the EclipticV it will req\^r^i|>lijtlf 

Biore Labour, as in. the next Problem. . 

Problem Q. The Latitude of a Place, Sun's Place in the£clipv 

, , tic. Time of the Day or Night, and the -Longitude, tpd La- 

tude of the Mopn, or of a ^ar, being given \ to i^ the Pa^t 

rallaftic 



6e£l. IV; > jifirmmk D^niii^us. %^x 

r2dW)ic Angle at the Moqn. or. ^t the Sjt^j •aod'k^ DiftaQM 
rom the Vertex. - 

Epc;Mi}plp. 
Latitude -516.321x1. N. i 

Sun'sPlace - bod. com. in k ' VParallaat.. AAg.^T?*"" 

Hour - - gh. A.M. VgiyenjtheJ and >;.? . 

:¥ CapellaLon. 1IJ 02 in H J-' \ Vertical Dift. J gi- 

lt's Latitude - 22 52 N, J/ K 

Tb delineate this/ Plate 8. Fig. i. .r 

1. Lay ofF the Sun's Longitude, and draw the proper M^idp 
an. Path of the Vertex, and the- Hour Circle accordipg^ to tK^ 
propofcd Time, the Vertical Circle, and Circle pf : Xpogitude, 
in all refpciSs as before ip Problem 8. . .-'■'* \ 

2. Lay off the Star's Longitude and Latitude^ ^i l}^{p'rp jn 
Problem 7, then is N thcPiffRofthp Non^^efi^Iy g tjbie Vcr|cx» 
and * IS the Star's Place. 

3. Through :tc and 9^ drasAf-a GreajLrQiixle, and itis dopeu 
For 4c 9, is the Star's' DifUnce frpni the Vertex ; a^d ih% 

Angle K * 9, the Complement b^ the Parairjv£lic.Ajiigleicj^^ 
cd: In order to find them by Calculation, 

Firfiy Find the Place of the Navafejimal by- Problem 8, Wlupb 
is Taurus^ 5d. 52m. equal to Y* N. 35d. 52m. 

Secondly y The Nonag£/imars'Di&?Lnce from the Vertex^ V^^^ft 
13 N 9, is equal to 4xd. 32m. ■ ' ^ 

Then in the Oblique Spheric Triangle ^ic {{;[. ^, '^^ 

1. The Side K *, the Star's Diftance from the n^t Pola of 
the Ecliptic, ortheComptem^t of it's Latitude, equal icf&jd,6nL 

2. The Side K 9, the Diftance of the Vertex from the bli 
Pole, which is equal to the Altitude o^ the Nimagifimalj 481& 
28m. fpund by Problem 8, in Page 250. 

3. 1 he Angle 3|c K9, the Difference of the Longitude ofthfe 
given Star, and the Nenagefimaly equal to 42d. lom^'^nd i^ the 
Difference of Y N, 35d. samj and V jr, 78d, 02m. 

4*. The Angle K i|c 9, theComplenienI of theParaUi<3ic Am« 
gle at the given Star. 

5. The Side :^ 9, the Star's Diftance from the Veitqx. 

Firfi^ To find t}ie Ap^e K 49 9, the Proportion by Chap. 5^ 
Se£)ion 5, Problem 9, GiTe jt in P^ges 144 and 145, is, 
* I. AsthcSii>-^'^^h.r--'^qi. - • «;^-sK-* and K 9; is 

if ^ ^ip* ' ' Tangdnt Complel 

ment 



m 

i£% '^.^on^c Prohlemsl Chap. IX. 

ih«tit of hair the Angle ♦ K 9 ; to the Tangent of half the Dif- 
ference of the Angle K 9 4e ; and K 4( 9. Then, 

2. As the Sine Complemeht of half the Sum of the Sides K 4^ » 
and K 9> ;s tp the Sine Complement of half their Difference \ 

So is the Tangent Complement of half the Angle :9c K 9 ; to 
tl^ Tangent of half the Sum of the Angles K 9 ♦ and K 4e 9. 

That is, d. m. d. m. d. m* 

I. As S. 57.48. •• S. 9 20 : : T. 68.55 " T. 26.26 And, 
S. As S. 32.12. •• S. 80.40 : : T. 68^55 > -T, 78.14. T hey being 

fiAtraded^ |tres the Angle K*9 *5i.48 whole Com- 

ptement 38a. 12m. is the Paralladic Angle at Capella. 

Siimdfyy To find ^ 9, the Vertical Diftance, the Proportion is, 
AlS.AngleK#a-S. SideK9: :S.Angle 4e K9-Side :|c 9. 
As S. 5xd. 48m. •• S. 48d. 28m. : : S. 42d. lom. •• S. 39. 45m. 
< Tlie Diftance of the Star CapeUa from the Vertex at the Time 
pfopoied. 

I might proceed to other Problems, and fhew how they are 
fermed and reprefented in this Projedion, but I leave that for the 
Learner's Exercife* 

I pais by what (at firft) I intended, which was the Orthogra- 
phic Prdeaion of die Sphere ; whereby the Moon's Apulfes to the 
§un or Stars, and all the Appearances of an Ecliptic, Occulation 
or Tranfit, are reprefented to the Eye ; ufcful to find the Longi- 
tude of Places, on the Globe of the Earth, a 1 hing much talked 
of, greatly defired, and by Come, pretended to be found, though 
not made luiown, and I believe will never be made pra^icable at 
'Set'. However, by this Hjrpothefis, with accurate Tables of the 
Moon and' Stars Places, and a Way of taking an Altitude, or an 
Angle at Sea unto two or three Minutes, it might be made ufe- 
/ul to obferve for Longitude, and therefore it is highly worthy of 
our Seamen^s Study ; but without fuch Altitude, it will not find 
the Longitude iinto two or three Degrees : And for Encourage- 
ment hereunto, the Govemment.hatn, bv an A£^ of Parliament^ 
promifed Twenty Thouiand Pounds ; and for the Learner's Help 
iierein^ I am ready to communicate all tiiie Affiftance I can elfe« 
where ; for here is now no Place for it, left the Book fwelling 
too biffy fhoold be deformed, * • * 

And note; Thefe two Figures in Plate the 8t)i, are the Re- 
prefentation of the two Hemtfpheres before defcribed in Chajw 
ter 6, Se£Hon 4, in Pages 180 and 181. So that in thofelaiger; 
all thefe Problems may be more pxz&lj formed, and their 



Cb. X. Variation of a Compafs by an An^Utadi. %§% 

Requifites more tnilv meafured ; and if the particular Circles be- 
longing to any Problem, fuch as the proper Meridian, other Me- 
ridians, Hour Circles, Path of the Vertex, Circles of Longi* 
tude, and Vertical Circles, to a particular Time, {ffr. were 
drawn with Black Lead, they may be wiped out at Pleafure, and 
the Hemifphere no ways damaged. 

And when any Circle happens fo large as not cafily to be drawHt. 
or ftruck with CompafFes, it may be done with a Bow ofthe Len^h 
of the Diameter of the Hemifpheres; fuch being well made with 
three fcrews, by their turning, will rife up to the feveral Cir- 
cles, that may (in theProjedtion) be required to be drawn. c 



CHAPTER X. 

Ofthe Variation of the Compafs^ what it fV, bow to find it^ andbow 

to RiSflfy the Compafs thereby. 

T\Efinition i. Variation of the Compafs, is an Arc ofthe Ho- 
^^ rizon contained between the Meridian of the Place, and the 
Magnetic Meridian ^ it is either Eaft, or Weft, and never el- 
ceedsgo Degrees. 

2. £aft Variation, b when the North Point ofthe Ma^eticMe- 
ridian lieth Eaftward ofthe North Point of the Meridian ofthe 
Place; but if to the Weft ward, then it is called Weft Variation. 

3. Magnetic Meridian, is a Great Circle pafHng through, or 
by the Ma|:netic Poles ; to which Meridian, the Cconpaia (if 
not otherwife hindered) hath refpedt. 

4. Magnetic Poles, are two moving oppofitQ Points, making 
their Revolutions about th^ Poles of the World (as Mr. Botid 
faid in his Longitude founds Page 7.) in 600 Years, in a Circle 
about 8d. 30m. diftant tber^froqi \ and their Motion (according 
tohis Account) is the Caufe of the Variation of the Compafs. 

5. The Variation of the Compafs is found by an Amplitude, 
or an Azimuth, 

6. To find the Variation pf ^e Cgmp^fs ^ an Amplitude, 
vou muft have the Amplitude of the Place^ the Dedioatioziy and] 
Magnetic Amplitude of %\^t Sun given : 

7. Magnetic Amplitude, is an Arc of theHoriiK>n»^cioiitaut«di 
between the Sun (at his Rifine or Setting)/aiid theEhar IXTeft 
Points of the Compaft fteerqd Qj; ; •Qu\ 
^r Setting of the Su|i from the Ei 
Compals, and is found b7t>busnr 
An^t or Setting, with ao Ampliti 



' 8. 'Afl^itude, J^ ah Arc of the Horizon, contained between 
iSttt Sttit afi* the Eaft of Weft Points of the Horizoff ; and i^ 
fbiind by Chapter 9^' Se6lion 2, Problem 4, in Pages 216 and 
I17, which I catl the true Amplitude. 

•9.- If the foiregoing Amplitudes agree, that is, the Magnetic* 
andTrue Amplitudes (which is fcldom) there is no Variatibn ; but 
if thcv differ, their Difference rightly counted is the Variation. 

Note here; If you always count both Amplitudes from the? 
NBrth ; then this' is a General Rule. 

^t Suft-Rifing J j^jg^gt"j^. 1 \ Amplitude grcateft, the 

Variation is \ ti^^/i ( But at Sun's Setting »t is < ^ S ' - 

Example i. At Sun Rifing, fuppofe the True Amplitude be 
Eaft 33 Degrees Northerly, and the Magnetic Amplitude be 
Eaft' 17 Degrees Northerly, then counting both thefe from the 
North, the True Amplitude will be North 57 Degrees Eafterly, 
and the Magnetic North 73 Degrees Eafterly ; the Magnetic is 
die greateft^ and the Difference is 16 Degrees, which is the Va- 
riation Wefterly: If thishad been at Sun-fetting, the Variation 
would then be Eafterly. 

Exa?nple2. At Suri-fctting let the true Amplitude be Weft 
16 Degrees Northerly, and the Magnetic Amplitude Weft 9 
Degrees Southerly, both counted from the North, the True Am- 

flitude is North 74 Degrees Wefterly, and the Magnetic is 99 
)egrees from the North and is the greateft ; their Difference ia 
25 Degrees, which is the Variation Eafterly. 

Or thus, in thefe two Rules : 

I. Tlie Amplitudes, both North, or both South ; thfeir Dif- 
ference is the Variation : But one North, thecrther Soilth, their 
Sum is the Variation. 

• 2. Both the Amplitudes (before your Pace) from ^ou/ if the 
True Amplitude be to the Right-hand of the Magnetic, the Va- 
riation is Eaft ; but when it is to the Left-hand, then thd Varr- 
atioii is Weft. ..." '"* '" 

Thefe Rules will be exemplified in the f rbbltttt and' £)^^l» 

PMim r. The Latitude of the Place, the Sun*s Dccljdg/6rf 
; aha^Magnetit Amplitude given; to find the Variatioi" $rUic 

Cobipafe. 

jrUe 



/(i?Z^ 




ef>. X-? i^ariatim eftU Cmpafi-iy an 'jUipHmki^ ±1^ 

fLaitttmte - • •'- - •pd.-^Srtf/ ^N(Wlh.givttt5 
The ) Sun's Declination - - 2od. xom. C Tht rartai: Is 

I G.M^gnetic Amplitude - .17 10. A. M- j reqiMrcd ? 
To dtlibeate this Problem OrthograpHically. Plate gr. P%; i? 

1. Defcribc a Circle and quarter it; on whbfeDiamietefpraibi 
W. N* E. and S (but always) N. at the Right-bandy a«id A at 
tb<! Center of the CIrcli. 

2. Lay the Lat. if J c J^^lu ( from jo > upwards t6 < |> 

and the fame way from W to M^ and draw the Axis P A I^ iad 
the Equinodial JE AQ^ 

3. By laying the ChorA of the Sun's DiEfdination on the Pri- 
mitive Circle from the EqiiinoAiftl, draw th6 Parallel of Decli- 
nation parallel to it « as the ftreight Line dCe^ to cut the Hori- 
zon S An in C, the Place of the' Sun's riflng, or fettmg* 

4. Meafurc A C on the Lines of Sines, it is the Sun's ttttt Ai»i> 
plitude North, if the Declination be North ; but South'whcn 
the Declination is South. 

5. Draw the Line CF, parallel.to WAE (downward Iwbeo it 
is AM, but upwards if it be PM) to cut the? f imitive CirclrfiaF; 

6. Lay the Magnetic Amplit. if j p jlj*J from V^ J to 

G, on the Primitive Circle, towards N if it be North j but to- 
wards .S when it is South. 

7. The Diftance from G to N, laid (the flme way) fjnont'F 
to Falfe North (whfch now is the North Point of the Coiifcpais) 
and it is done. 

For the Diftance from N to falfe North, meafured oil the^Scale 
of Chords, in the Variation of the Compais. 

To find the Sun's true. Am{5litude, the Proportion by Chap: 
9, Sedion 2, ProblQhi'4, in Page 217. 

As S. c. Latitude •; R^us : : .S. Declinat. •• S. O Anip]kH^ 
S. j8d. 28it. -S. 9pd, ; : S. 2od« lom. N. ^-S. 33d. j^bu N, 

d.nd. ' d; in. 

Siin's true Ampl. EF J3»39 EN. or NF 56.21 North Eafterly. 
Sun*« Magnetic EG ipio EN. or NG 72.56 North £a&edy« 

■ . < 

Subtraft gives the V-ariation - • - 16.29 Weft. 
^ Example 2. d. m. . . 

f Latitude - - - 40-S^? TsfrtrfU 1 - 

ThciSun's, Declination. 10.19$ ^^^ UW; Vari. xtq: 
C O s Magnet. Amp. 15.10 South A.M. J 

Aa 
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Ji^er* The Sun's tnie Amplitude is 13d. 42m. Eaft Nor- 
therly^, found bv the afoiefaicf Prdportioii^ by which the Vviation. 
is found» as foilows a ^ 

d. ih. d. m. 

Q.Truc Amplitude EF 13 44 EK* or NF 76 18 N. Eafterljr 
Q Magnetic Amp. EG 15 10 ES. or NG 10510 N, Eaftefly 

Subtract, gives the Variation — — — 28 52 Weft, 
The following Examples are for the Learner's Exejrcife^ and 
are wrought by the afbrefaid Diredions aiid Rules* 
Example 3. d. m. 

S Latitude ■ 13 10 North 1 

Sun'sDeclination 15 40 South p given; Variation rcq« . 
O Magnet. Ampl. 9 12S.P.M. ) 
Accordiiig to the forefaid Ruleii, it is as follows : 

d« m. d. m* 

© True Amplit. WF 16 06 WS.orNF 106 06 N. Wefterly 
©Magnet. WG 9 1 a WS. or NG9912N. Wefterly 

Subtract, gives the Variation • ^654 Weft 
Example 4. d. m. 

TheS W^DeclinatTon^ ^9 50 ]^^"'> «'^^ ». ^f^ 

dSun'sMagnet.Amp.S.i5N.P.M.i »t»on required. 

Jf^uxr. The Variation is 27d. 17m, Weft. 
Example 5. d. m. 

fLatitude - - - 21 30 7 vr ^-.u '> • if • 

The^ Sun's Declination 17 56 \ ^""'"^ \T''''' T. 

ISun'sMagnet. Amp. 10 19 South P. M. J ^»<>n ^^^^^^redf 

Anfwer. The Variation is 29d. 39ni. Eaft. 
Example 6. d. m. 

f Latitude • - - 25 30 South | 
The < Sun's Declination x8 12 North (given ; Variat. req. 

I Sun's Magnet. Amp. 950S.A.M. ) 
. Jnftver. The Variation is 3od. 5m, Weft. 

SecMdfyj To find the Variation of the Compafs by an Azi 
muth, obferve thefe following Definitions. 

I. Magnetic Azimuth, isan Arc of the Horizon contained be- 
tween the Sun's Azimuth Circle, and the Magnetic Meridian i 
or it is tljie apparent Diftance of the Sun from the North, or 
South Point or the ComjMkfs; and is found byobferving tfae-Suil 
by the Azimuth Compafs, either in the Forenoon or /Jtemoon, 
when he is about 5, 10 of 25 Degrees high* 
. a* Azimuth, is an Arc of the Horizon contained between 
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tliat Azimuth Circle, ivhibh pafleth over the Surij and th^ Meri-i. 
dian of the Place, this is called the true Azimuth, and is found by 
Chap. ^, Se£l. 5, Prob. i, of Aftrbnomy, in Pag«; 229 and 230. 

3. If the faid Azimuths agree ; that is, if ihe true Azimuth^ 
and Magnetic Azimuth ^gree, there is no Variation ; but if they 
differ, their Difference is the Variation ; for which, rightly to 
account, obferve this general Rule, 

Reckon alwavs both Azimuths^ (like as I faid for Amplitudeg 
in Page I54.) rrom the North 

In the Forenoon the \ ^^ T " i Azimuth greateft, the 

Variation is j Ty n ( But in the Afternoon ) v ft 

Example i . In the Forenooh, Suppofe the Sun's triie Azimuth 
from the North to be 80 Degrees, and the Magnetic Azimuth at 
the fame Tin-e to be 101 Degrees, the Magnetic is the greatfeft, 
and their Difference 11 Degrees is the Variation of the Compafs 
Wefterlyj butEafterly, had :tbeen in the Afternoon. 

Example 2. Ill the Afternoon let the Sun's true Azimuth be 
115 Degrees from the Norttf, and the Magnetic -Azimuth 10 1 
Degrees, their Difference 14 Degrees is the V^ariation Wefterlyj 
but Eallerly, had it been in the Forenoon, 

Or thusj by the following Rules. 

1. Always coiint both Azimuths from the North, in North 
Latitude ; but from the South in South Latitude. 

2. The Icfs Azimuth fubtraSfrom thegieater, gives the Va- 
riation. 

3. Placihgboth the Azimuths (before your. Face) from you, if 
the true Azimuth be to the Right-hand of the Magnetic, the Va- 
riation is Eaft; but if to the Left-hand the Variation is Weft. 

Thefe Rules will appear plain in working of thefe Examples 
of the next Problem. ,^ 

t'roblem 2. The Latitude .5f a Place, the Sun's Altitude^ Sun'i 
Declination, and his Magnetic Azimuth given, to find tli« 
Variation of the Compafs i 

£xample-- d. m; • , 

r- Latitude - - - - 51 32 Norflil 
^, \ C Altitude - - II 30 A. M. Igiven; Variation 

"^Sun'sj Declination - 15 10. North j required ? 
C cMagn. Azim. i6a lO North-! 

To delineate this Problem Ortheographicallyj Plate 9. Fig. 2. 

R If Defcribe 
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1. Dcfcribc a Circle, quarter it, lay ofF the Latitude, draw, 
the Equinodial, Axis, and Parallel of Declination, in all Re- 
fpefts as before direded, (in Problem i. Page 255*) 

2. By laying the Chord of the Sun's Altitude on the Primitive 
Circle from the Horizon SAN, draw the Parallel of Altitude pa- 
rallel to it, as is the Line a Cb^ to cut the Parallel of the Sun's 
Declination dC emC*^ the Place of the Sun at that Time. 

3. Draw C h parallel to WAE, downward when it is A M. 
but upwards if it be P. M. till it meet an Arc fnade (with half 
tire Parallel of Altitude) from the Center (of the Primitive Cir- 
cle) A, and cutteth the faid Arch in b. 

4. By A and h draw a Line, to cut the Primitive Circle in F ; 
then NF, or SF, mcafured bry the Scale of Chords, flieweththe 
Sun^s true Azimuth. 

5. Lay the Magnitude Azimuth if < g^vj V Latitude) 
from { ^- 1 towards J ^ ? (when it is^ p* JJ* j ) to G on 
the Prim. Circ. Butifj / i / ( towards J ^ ' > to the faid G. 

6. The DiftancefromG toN, laid (the fame Way) from F 
to the falfe North, which is now the North Point of the Compafs, 
and it is done. 

For the Diftance from N. to the Falfe North, meafured on the 
Scale of Chords, is the Variation of the Compafs required. 

Then to find the Sun's true Azimuth, the Proportion by Chap* 
tor 9, Section 3. Problem i. in Pages 229 and 230, is thus ; 

d. m. d. m. 

90.00 90.00 

N. O Alt. 11.30 A M. Decl. i5.ipN. 
Com. O Alt, 78.30 O dift. fromPde 74.50 
Radius Sc --Lat, : : S. c. G Alt. •• a 4th Sine 

d. m. d. m. d. m« 

S. god. -S. 38.28. : : S. 78.30 -S. 37,33 



d. m. 

90.00 
Latitude - 51.32 
Comp. Lac. 38.28 
Com. Alt. 78.30 
O'sdift.fr.p.74.50 

Sum is — 191.48 
The J Sum 95.54 



The Rem. is 21.04 



Then again. 



4th Sine*' S. \ Sum : : S. ^em. : a cth Sine 

S. 37-33 -S- 95-54 ^ '• S. 21.04 -S. 35-55 
And againft Sine 35d. 55m. on the Verfed Sines, is the 
Sun's true Azimuth - - - - 8od. 02m. North Eaflerly* 
Sun's Magnetic Azimuth - — loid, lom. North Eafterly. 

Subtraft gi^^eth the Variation - - 2 id. o8m. Weft. 

An4 



d. m. 
90.0c 
Latitude - 13.10 



Com. Lat. - 76.5c 
Com. O Alt, 72.10 
O'sdif. fr.p;io6.59 



Sum is - - 255.59 



Thei Sum 127.57 



The Rem. is 21.00 
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And for the Learner's Praftice, take thefe following Exam- 
t)!e3, whofe AnfWers are found bv the Rules foregoing. 
Example 2. a. m« 

^Latitude - -- -1310 Norths • 

The 3 f Altitu,de - - 17 50 A M./ given: Variation 

^Sun's] Declination - 16 59 South ^ ' required? 
C (. Magnet. Azim. 90 10 North y 

d. m* d. m» 

90.00 90.00 

N". 0's Alt. 17.50 A . M. 0*s Peel. 16.59 S, 

Comp. Alt. 72.100's dift. fr. Poje 106.59 
Radius •• S.c.Lat : : S»c. 0*s Alt. ••a4th Sine . 

d. m* d» fn. d» m* 

S. god. ••S. 76.50 ::S. ;/2.io-S. 67,48 

Then again, 
4th Sine •• S. i Sum : : S. Rem. •• a 5th Sine, 
S. 67.48 .'S. 727.59 : ; S. 21,00 -'S. 17.45 
And againft Sines i7d. 45m. on the Verfed Sines, is the 
O *s True Azimuth - - - - 113d. oom. North Eafterl jr. 
O's Magnetic Azimuth - - - g gd. lom . North Eafterly. 

SubtfaS giveth the Variation - 22d. 50m. Eaft, 
Example 3. d. m. 

{Latitude ----- 28.40 North > 
r Altitude - - - 20.19 P* M. /given: Variati- 
Sun's4 Declination - - 19.12 South r* on required,? , 
(_ Magnet. Azim. 129.50 North) 
Anfwer. By the aforefaid Dire<3ions, the ' 
G 's True Azimuth - - - i27d. o2m. N. Wefterly. 
©*s Magnetic Azimuth - - I29d, 5001. N. Wefterly. 

Subtract giveth the Variation - 2d. 48m. Eaft. 
Example 4. d. m* 

r Latitude - - - - 50.40 South n 
The< f Altitude - - 25.10 P. M. I given: Variation 

jSun's4 Declination - 23.30 South f required? 
L t Maenet. Amp» 100.20 South J 

Anfwer. The Variation is ijd.oam. Weft. 
Example 5* d. m. 

Latitude «**'.. - 23.XO South ^ 
'ri,*<f f.Altitu(le *. - 10.15. AiM.^ •'ea: Variation 
^'^^^Sun's^ Declination * aj.* 



(. Mttnet Asw 
Anfwq*.' TheVluriatioa. 



•1 
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Example 6. d. m. 

r Latitude - - - * - 37.45 South x 
The^ r Altitude - ^ - 18.20 P. M. ^given: Variati- 

^Sun's-J Declination - - 20.15 North ^ ^" required? 
^ L MaOTCt. Azim. - 1 15.40 Soutji- 9 

Anfwer. The Variation is 2od. 12m. Eaft. 
But the Variation may be found more eafily by an Inftrument 
called the Rediiier, whofc Defcription is as follows : 

The Redlifier defiribed, Plati 10. 

This Inftrument confifteth of two Parts, which are two Cir- 
cles laid one upon another, and fo fattened together in their Cen- 
ters, that they rcprefent two Compafles, one fixed, the other 
moveable ; ea<;h of them is divided into the 32 Points of the Com- 
pafs, and 360 Degrees, and numbered both Ways, from the 
North, and from the South ; and ending at the Eaft and Wcft^ 
in 90 Degrees. 

The fixed Compafs reprefents the Horizon, in which the 
North, and all the Points of the Compafs, arc fixed, and im- 
moveable. 

The moTcable one, reprefents the Mariner's Copmafs fteered 
by, in which the North, and all other Points, are liable to Va- 
riation. 

In the Center of the moveable Compafs, is faftcned a Silk 
Thread, long enough to reach the outfide of the fixed Compafs; 
but when it is made of Wood, there is an Index inftead there- 
of : The Ufe is as follows. 

I. To find the Variation hy the RfHifier. 

Note-y Thofc Degrees numbered from the North, and the 
South towards the Eaft, are termed the Right hand, and ihc o- 
thcr toward the Weft, are called the Left-hand. 

Example i. At Sun-rifing, Suppofe the true Amplitude 57d. 
from the North, and the Magnetic 73d. from the North, What 
is the Variation of the Compafs, and which Way? 

Fhice 73d. (from the North) on the Right-hand in tl^ move- 
able Compafs, to 57d. (from the North) on the Right-nand in 
the immoveable Compafs ; then the North Point of the moveable 
Contpafs, will ftand at i6d. on the-Left-hand in the immoweable 
Compafs, which flicweth the Variation of the Compafi is 16 De- 
grees Weft, 

Example 2. In the Afternoon^ let the triie Asimuth be 80 
Degrees from the North, and the Magnetic lOi Degrees. What 
is the Variation of the Compafs, and which wny ? 

Place 1.0 id. from the North ; that is» ^q^^ from the South 

on 
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on the Left-hand in the moveable Compafs, to 80 T)c^. from the 
North, or Left-hand in the immoveable Compafs ; than the 
North Point in the moveable Compafs ftands at 21 Dcg. on thfe 
Jlight-hand in the immoveable Compafs, which fhews the Va- 
riation of the Compafs to 21 Degrees Eaft. 

Always counting Amplitude at Sun-rifing, and Azimuth in 
the Forenoon, to the Right-hand, or towards the Eaft ; Ijut at 
Sun fetting, and in the Afternoon, count them to the Left-hand, 
towards the Weft. 

2. To re<Elify the Courfe by the Reftificr. 

This Propoifitipn hath two Cafes. 

Cafe I. The Variation of the Compafs, and the Courfe fteercd, 

being given ; to find the true Courfe. 

Example r, Suppoft the Variation to be 21 Degrees Eaft, and 
the Courfe fteered by the Conrpafs is NK. by N. I demand the 
true Courfe, the Variation being allowed ? 
. I, Place the N. Point of the moveable Compafs to 2 id. from 
the North on the Right-hand in th^ immoveable Compafs. 

2« Lay the Threador Index (which is fattened in the Center) 
over the N. E. by N, Point in the moveable Compafs, keeping it 
ftreight out ; then in the immoveable Compafs the Thread or In- 
dex will lie on 55 Degrees, orncarN.E. by E. which is the true 
Courfe required. 

Example 2. The Variation 14 Deg. Weft, and the Courfe 
•fteered by the Compafs, E.S.E. I demand the Ship's true Courfe ? 

1. Place the North in the moveable Compafs to 14 Dcg. Weft, 
in the immoveable. 

2. Stretch out the Thread, or Index, over E. S. E. in'thc 
moveable, and it will lie on 82 Degrees in the immoveable Com- 
pafs, or £. by S. a quarter £. the true Courfe required. 

Cafe 2. The Variation of the Compafs, and the true Courfe 
given ; to find the Courfe by the Compafs ? 
Example. The Variation 21 Deg. Eaft, and the true Courfe 
I ftiould tteer is N. E. by E. What Courfe muft I fteer by the 
Compafs, to allow the Variation ? 

1. Place the North, in the moveable Compafs to 21 Degrees 
Eaft in the immeveabie Compafs. 

2. Stretch out the Thread over N. E« by E. in the immoveable 
Compafs, and then in the moveable 6ompafS|i it will lie on 35 
Degrees, or near Nb £. by Ni the Courfe you muft fteer toSp'- 
low for the Variation of the Compafs. 

• Here I thought to defcribe the Aziimith Compab, si 
obierve by it ; but cbnfiderinjg it is aa iiiftrunient t» 
^ood that Difcourfe may be (pared. \ 
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CHAPTER. XL 

Of an Obfervatton^ either of Sun or Stetr^ what it is^ how^ or with 
what J and when it is taken, andfnding the Latitude thereby, 

I. AN Obfervation, is the finding either the Sun's or Star's 
^^ Meridian Altitude (at Sea) with a Quadrant, or with a 
Crofs-ftafF. 

2. Meridian Altitude, is the Height above the H* rlzon of the 
Sun, or Star, they being upon the Meridian of the Place of Ob- 
fen^ation ; and that the Sun is, every Day at Noon, but the Stars 
at different Times, according to the Difference of their feveral 
Right Afcenfions from the Sun's Right Afcenfion. 

3. A Quadrant is the InflrUment whereby only the Sun's Al- 
titude (at Sea) is found ; hut by Hadley's Quadrant the Alti- 
tude of a Star may be determined. 

4. A Crofs-ftafF, or Forc-ftafF, is an Inftrument whereby Ma- 
riners find either the Sun's or Star's Altitude. The particular 
Defcription of Davis's Quadrant and the Crofs-ftafF I here omit, 
having done it largely in the Mariner's Compafs re<5lified, tp 
which Book I refer the Learner, and will nowfhcw how to find 
the Latitude after you haveobferved which is called Workino* an 
Obfervation, and that in this one Propofition. 

Propofition, The Meridian Altitude of any Heavenly Ob-P. 

1'eft, and It's Declination given j to find the Latitude of the 
^lace of Obfervation. 

In this Propofition are two Cafes. 

Cafe I. Where, or when the Object obferved doth both Rifo 

and Set in 24 Hours, l^he Rulds are thcfe. 

Rule I. The Meridian Altitude, and Declination of one 
Kind ; that is, both North, or both South ; the Difference of the 
Zenith Diftancc, and the Declination, is the f.atitude required ? 

Note; In the above Cafe, whe the Declination is greater than 
the Zenith Diftancc, the Latitude is of the fame Name 3 but it 
lefs, then of a conerary Name to the Declination. 

Rule 2. The Meridian Altitude, a.nd Declination of contra- 
ry Names; that is, one Nonh, and the other South, the Sum 
of the Zenith Diftance and the Declination, is th^ Latitude re- 
quired of the fame Name with the Declination. 

Note r. By Meridian Altitude South, I ipcan the ObjeA ob- 
fcrved is to the Southward of the Obfervor j and when North, 
then to the Northward of the Obferver, 

Note 2. By Zenith Diftance underftand the Complement of 
the Meridian Altitude of tfie Objeft obfery^, . 

{Example 
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Example i. On the 20th of May 1770, the Sun^s Meridian 
Altitude 6id. 08m. South; and his Declination 2od. cSm. 
North, What is the Latitude of the Place of Obfervation ? 

d. m. 
The Sun's Zenith Diftance - - - - - 28 52 South 
Sun's Declination -------- 20 08 N orth 

TheSum(byRule2 ) is*theLat. ofthePlace - 49 00 North 
Example 2. On the iirft of July 1770, the Sun's Zenith Dif- 
tance being iid. 50m. North, and his Declination 23d. 08m. 
North. What Is the Latitude of the Place of Obfervation ? 

d. m. 
From the Sun's Declination - - - - - 23 08 North 
Subtract the Sun's Zenith Diftance - - - 11 50 North 

The Rem. ^ by Rule I.) is the Lat. of the Place 11 18 North 
Example 3. On the 3d of June 1770 the Sun's Zenith Dif- 
tance being 29d. 15m. South, and his Declination then 22d. 
23m. North. What is the Lat. of the Place of Obfervation ? 

d. m. 
To the'Sun's Zenith Diftance - - - .- - 29 15 South 
Add his Declination - - ----- 22 23 North 

The Sum (by Rule 2.) is the Lat. of the Place 51 38 North 

Example 4. On the 22d. of Auguft 1770, the Star I^melhaut 

being obferved, and his Zenith Diftance 2od. i7m. North, this 

Star's Declination fin Page 178) is ^od. 56m. South, What is 

the Latitude of the Place of Obfervation ? 

• ■ ' i. m* 

To the Star's Zenith Diftance . - -- - 2017 North 
Add the Star's Declination ----- 30 56 South 

The Sum is the Latitude required - - - 5' 13 South 
Example 5. The 30th of September 1770, the Foot of theCro- 

fiers (by fome called the Cock's Foot) a Star much ufcd in South-. 

ern Voyages, bei^^ obferved, his Meridian Altitude was 48d« 

06m. South ; this otar's Declination (in Page 178) is 6id. 31m. 

South. What is the Latitude of the rlace of Obfervation ? 

d. m« 
From the Crofiers Declination - - — - 6131 South 
Subtradl the Zenith's Diftance - ^ - - 4154 South 

The Remainder is the Ladtude require4 - • 19 37 South 

Cafe. 2. Wher^ or when the Objcft obferved doth, neithef 
Rife nor Set in 24 Hours ; that is, doth not in the Diumat 
Motion move below or under the Horizon, 

R 4 . No^ 
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Note I. To fqme Parts of the Earth, both the Sun and Stars 
do not rile or fet, but are above the Horizon, and upon the Me- 
ridian of the fame Place twice in the Space of twcnry-fout 
Hours ; and this laftcth but for fomc Part of the Year wit4i the 
Sun, but always with fame. Stars. 

Note 2. When the Sun,, or .a Star doth not cither rife or fct, 
and cqineth upon the Meridian btlow or und^r the Pole, between 
^the Pole and Horizon 4 it is then at the Icaft Meridian Alti- 
tude. 

Note 3. Such Stars as do not fct, come upon the Meridian 
bothbclfw, and alfo above the Pole, that isbctvvcen tKe Zenith 
and the Pole, and thci; greateft Meridian Altitudes arc when 
they appear .rr.ove the PoU . 

Note 4. Where a btar comcth upon the Meridian, both below, 
and alfo above the Pole, it is always to the Northward of the 
Zenith, both in it's leaft and greateft Meridian Altitude j or elfq 
always to the Southward. 

Note 5. Again, there are fdme Stars which come upon the 
Meridian, to the Northward of the Zenith, and below the Pole ^ 
and to the Southward between the Zenith and the Equinoctial ; 
and alfo to the Southward, and below the Pole ; and to the 
Northward between the Zenith and the EqumoSial. 

Nole 6. When the Sun cometh to the Meridian below, or a 
Star, both above and below the Pole, the Latitude of that Place 
IS of the fame Name with the Sun or Star's Declination : That 
is, if the Sun or Star's Declination be North, the Latitude of 
the Place is North j but South, when the Declination is South. 

Note 7. For th^fe Slais which never coijue to the Meridian a- 
bove the Pole, at their greateft Meridian Altitude, the former 
two Rules ferve for to find the Latitude. 

Then to find the Latitude by the Sun under the Pole, or Star^. 
both under and above the Pole. The Rules are thcfc. 

Rule 3. The Objeil obferved, being on the Meridian below, 
the Pole, the Sum of the Meridian Altitude, and Complement of 
the Declination, is the Latitude required, of the fame Name 
with the Declination. . 

.Rule 4. The Objeft obferved, being on the Meridian ab^e 
the Pole, the Difference of the Meridian Altitude, and thet^oip- 

{lement of the Declination is the Latitude reguir^^ of tKe famc^ 
lame with the Declination. 
. • . • ...... . . - I . ... 

Example 
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Example I. Auguft i, 1770, the Sun's Mcnmait Altitude, 
below the Pole, or under the Pole, was found to be 5d. 30m. 
and his Declination i8d. 02m. North s What is the Latitude of 
the Place of Obfervation ? 

d. m. 
To the Complement of the Sun's Declination 71 58 Nort^, 
Add his Meridian Altitude below the Pole - • 5 30 

The Sum (by Rule 3) is the Latitude - - 77 28 rsorth 
Example 2. On December the i8th, 1770, the Bull's Eye 
Aldebaran can;c upon the Meridian under the Pole, and his Meri- 
dian Altitude was obrerved to be gd. lom, this Star's Declinati- 
pn (in Page 178.) is isd. 58m* North : What is the Latitude 
of the Place of Obfervation \ * 

d\ m. 
To the Complement of the Bull's Eye Declin. - 74 02 North 
Add his Meridian Altitude under the Pole - - 9 10 

The Sum (by Rule 3.) is the Latitude - - - 83 12 North 

Example 3. On June the nth, 1770, the Foot of the Crofi- 

ers was obferved under the Pole, it's Meridian Altitude 2id» 

25m. the Declination of this Star (in Page 178.) is 6id. 31m. 

South ; I demand the Latitude of the Place of Obfervation ? 

d. m. 
To the Complement of the Star's Declination - 28 29 South 
Add to his Meridian Altitude - - - - - 21 25 

The Sum (by Rule 3.) is the Latitude - - 49 54. South 
Example 4. The 17th of February," 1770, the Northfcn 
Pointer of the Great Bear came to the Meridian above the Pole, 
and his Meridian Altitude was 56d. lom, this Star's Declinati- 
on is 63d. 5m. North ; What is the Latitude of the Place of the 
Dbfcrver ? 

d. m. 
From the Star's Meridian Alt. above the Pole - 56 10 
Subtraft the Complement of his Declination - 2655 North 

Remainder (by Rule 4.) is the Latitude - - 29 15 Norths 
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tionofaShip. and alUn it ; the Ignorance thereof has been, (if 
not the only, I may fay) the chief Caufe of lofing divers rich 
Ships, and many dear and valuable Lives, and thence thclmpo* 
verifhing of fevcral Families. 

Then certainly, it (hould be their great Concern, to be expert 
herein, who take on them the navigating Ships to remote Places, 
when fo great Trull as Mens Lives and Eftates are repofed in 
them, that fo, by a Knowledge of, and a conftant careful Prac- 
tice in keeping an exadl Journal, they may not only bear the 
Name of Navigators, but thereby prove thcmfelves defervedly 
worthy of the Title of Complete Artifts. 

And for the complete keeping a Journal, I prefer this Method 
hereafter following : which, though it be new, and ufcd by few, 
yet 1 doubt not but, when better known, it will be more in Prac- 
tice : Now that you may rightly underftand what it is, and how- 
to keep an Account of the Ship's Way by this new Form, I fhall 
thus explain it. 

1. Know that a Journal, or Sea Reckoning is a pun£lual 
writing down every Day (in a Book fit for that Purpofe) the 
Courfc, Diftance, Difference of Latitude and Departure the 
Ship hath made, what Latitude and Longitude ihe is in ; and 
alfo the Wind, Weather, with all Accidents and Occurrences 
that happen. 

To perform which after the beft manner, do thcfe preparative 
Things. 

Firft, Provide a Folio Book of two, three, or,four Quires of large 
Paper, and let it be ruled like the Log-board, (in Page 65) with 
five Columns, taking up about half the Breadth of each Page. 

The five Columns may be marked or noted at the Head of each 
Column with Letters, thus ; 

r Hours, under it are the Hours of the Day, 

which ftand- J p "^JJJ^g \ run out that Day, 

eth for I Courfes, which have been fteered that Day. 
L Winds, which have blown that Day, l^Cm 

Secondly, Rule twelve Lines crofs the forefaid five Columns, 
and fo far afunder, that on Occafion you may write two Lines 
of Writing in the Spaces between thofe Lines j then will the 
fame Ruling ferve for an £aft-India Voyage, or a Ship of War, 
in which the Log is heaved out every Hour, and ^fo for other 
Voyages, where it is ufcd every two liours. 

Thirdly, 
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Thirdly, In the third Column (marked at the upper End with 
H) write down the the Hours of the Day ; that is, for conmoii 
Voyages, 2, 4, 6, 8, 10 and 12, and 2, 4, 6, 8, 10, a;"J 12: 
But for Eaft. India Voyages, or Ships of War, i, 2, 3, Uc, to 
12 at Midnight; then i, 2, 3, fcfc. to 12 at Noon. And thuj 
far is the Boole fitted, and prepared to copy oft' the Log-board. 

Fourthly, Under thcfe five Columns let there be ruled twelve, 
fliort Columns, v^hich may take out the whole Breadth of each 
Page of the Book. Thefe may be intitled, as in the Journal fol- 
lowing this DLfcourfe, (in Page 274 and 275) and need not any 
farther Explanation. 

Now fuch a Book, fo ruled as here direfted, each Page thereof 
will contain two Days Sailing, with all appertaining thereun- 
to, as fhall afterwards appear. 

. Firft, Having a Journal-Book thus prepared, and now on your 
Departing, the firll Thing is to enter the Title of the Journal, 
which may be done thus : In the Top or Head of the firft Page 
of the Journal-Book, write the Title thereof in Words after th© 
Form immediately before the Journal, in Page 273. 

And now the Book is completely fitted for the Ufe intended, 
and that is keeping a Sea-Reckoning, after this Manner. 

2. Next under, or after the Title, (write in the blank Spac^ 
between the fifth Column for the Wind, and the Side of the Book' 
The Year, Month, Day, and Hour, yoii part with Sight of the 
Land, and alfo the Circumftances and Aftions of the fame, Wf. 
as here you mav fee in the two firft Sides of the Journal j which 
by Reafon of the Smallnefs of this Book reacheth Pages 274 and 
275, which are to be cftcemed but as one Page, or Side of the 
Journal, 

3. Every Day at Noon, write in the five Columns the fame you 
find written on the Log-board, which contains the Ship's Cour- 
fes fteered, Diftances run by the Log, what Winds have blown^ 
what Sails handed, and when. 

4. In the vacant Sp^ce of the Right-hand of thefe five Columns 
(which takes iip more than halfthe Breadth of the Book) expreft 
the Tranfa^ions of that Day, as Winds, Weather, Currents, 
fetting of the Sea, handling of Sails', meeting or parting with 
(Ships, Death of Men, Variation of the Con^pafs, and all other 
Accidents and Occurrences whatfoever. 

5. Then correft the feveral Courfes, by allowing for Lcc^ 
way. Currents, and Variation, iiccording to the Nature of them ; 

jm4 
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:^nd bring them into one Courfe (by Chapter 3, Section 4, of 
]pkmeSailin% in Page 64.) by which you will find the Ship's 
Diftaiice, DiiFerehcc of Latitude, and Departuns from the Meri- 
dian, which ^eing fct down in thofe Columns bearing thofe Ti- 
^es .hen (by Chapter 3, Sedlion 3, General Rule 3, in Page 
58.) find the Latitude the Ship is in, and fet that in it's proper 
Column : (And by Chapter 4, Sedtion 3, Problem 5, of Merpator's 
Sailing, in Page 96 and 97, and by Seftion 2, of the fame Chap- 
ter in rage 91.) .find the Longitude the Ship is in, and place that 
in the 1 2th and laft Column ; and thus you finifh the Day's Work. 

For Leeward, or Leeway, the Allowances arefuchasin thefe 
eight following Cafes. 

Firft, The Ship being upon ^ Wind^ ajlow one Point foe 
Leeway. 

Secondly, The Wind blowing hard, fo as to cai^fe one Top^ 
fail to be taken in \ ailow three Points fo^ Leeway. 

Thirdly, When it blows fa hard that both Top-fails arc takea 
in, and the Sea runs high ; allow then three Points, for Leeway. 

Fourthly, The Fore-fails being furled, and the Ship tries un- 
der a Main-fail, and a Mizen ; allow four Points for Leeway, 
for (he then makes her Way about fpur Points before the Beam 
(as the Sea Phrafe is. ) 

Fifthly, When the Ship tries under a Main-fail only, fhethcn 
makes her Way near three Points before the Beam, that is, near 
five Points before Leeway. 

Sixthly, If the Ship tries under a Mizen only, her Way is about 
two Points before the Beam ; that is, allow fix Points for Leeway. 

Seventhly, When (he lies a Hull ; that is, with all her Sails furl- 
ed, her Way is one Point before the Beam, and then feven Points 
is her Leeway. 

Eighthly, If the Wind has blown hard at W.S.W. and made 
the Sea run high, the Ship ftemmeth South, and the Win4 (hi|tf 
ing, to E.S.E. then whilft the Sea continues to run fo high, it 
ftr^kes the Ship on the Lee Bow, and abates the Leeway, 

Note ; In all thofe eight Cafes, Refped muft be had to the 
Smoothnefs of the Water, or the Sea's Running high, and then 
the Allowances may be reftified with the greater Certainty, by 
getting the Ship's Wake by a Compa(s, placed on each Rail c( 
the* Snip's Quarter, which is ufually fet there for thatPurjpofe. 

Thefc Directions, with aConfideration of the- Ship's Trim, 
Sail abroad|. Strefs of Wind, and Growth of:the Seif Wing put 

into 
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into Praftice, vnW fo improve the young Navigator's Judgment, 
that he'll feldom fail of making good Allowance for the Ship's 
Leeway. 

6. After this Manner are you to proceed every Day from 
Noon to Noon, which is the Beginning and End of the Day 

' Aftronomic, the Day by which the Mariners keep their Sea- 
Reckoning. 

7. Remembering always to obfcrve for the Latitude, when Op- 
portunity prefents either by the Sun or Stars, that being the chief 
Thing to be depended on, and by which the Reckoning is con- 
firmed or reftiiied, which is the next thing to be treated of. ' 

8. When the Latitude by Account agrees with the Lati ude 
by Obfervation, then is the Reckoning confirmed, and you arc 
fure it is kept well. 

9. But if they difagrce, then t thcr the Shiphath out-run your 
Reckoning, or your Reckoning hath out-£un the Ship; and 
there is fome Error either in th^ Courfe, Diftance In.led, r both 
of them: Now to find where the Error lies, coni^der v^hether 
there be a Current, or not. 

JO. Iftherebea Current, try it, and find wfiich Way it fcts, 
and how fait ; and by that corrcft both Courfe and Diftance ; 
and if that makes the Reckoning Latitude to agree with the Ob- 
fcrved Latitude, you have then truly corredled the Reckoning. 

But if you, only by fome probable Reafon, conjefture th . rt* is 
a Current, then give what Allowance you think meet to the Dif- 
ference of Latitude and Departure, and fee if that will reform 
your Reckoning Latitude, that it agree with the Obferyed Lati- 
tude ; if fo, you have gueffed well (for you muft * ver keep to 
the Latitude by Obfervation, that being the prin i; al Thing to 
be relied upon ) but if it will not agree with the obf • ved Latitude, 
it is to be fuppofed that there are Miftakes in your Coni'fture, 
or fome other Caufe produces this Error i the Reckoning. 

11. When there is no Current, nor any V^riatio ., or if there 
^either, or both,' ancf they arc allowed for according to Art and 
Keafon, and yet your Account will not agree with the Obfervcd 
Latitude ; then iherc is an Error either in Steerage^ or in the Loj, 
and to know in which it is, take this 

N 

General R U L £« 
Differ, of Latitude 7 * • ^^ ^il t? • • -.u I 

Departure - - J ^'^^ g'^^' *^ ^^^^ is m tbe 1 

12. When there is an Error in the Courfe ftp 
(after the Allowances ia the loth aad iadi - 
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made) then only correfl: the Difference of Latitude, and fo 
make the Latitude by Account to agree with the Latitude by Ob- 
fcrvation, and the Work is done. 

13. But when the Error Iteth ih the Log, the Diftance is 
faulty, and this is the Caufe which moft ufually makes the Dif- 
ference between the obfervcd Latitude, and the Latitude by the 
Account. And herein are two Cafes. 

Cafe I. /;; North Latitude^ falling towards the North \ and in South 

Latitude'^ failing towards the South. 

If the Obfcrvred Latitude be gifeater, then hath the Ship out^ 
run the Reckoning j but if it be lefs, the Reckoning hath out- 
run the Ship. 

Cafe 2. In North Latitude^ Sailing towards the South ; and in 
South Latitude^ Sailing towards the North. 

If the Obferved'Latitude be greater, then hath the Reckoning 
out-run the Ship; but if it be lefs, the Ship hath out-run the 
Reckon ine. 

14. When the Ship hath out-run the Reckoning, then is the 
Reckoning too little, and the Difference between the Obferved 
Latitude and Reckoning Latitude, muft be added to the North 
or South Column in the Reck^nmg ; aiid fo doine, it id corre£ted» 

15. But when the Jleckoning hath out-run the Ship, then is 
the Reckoning too great, and the Difference between the obferv- 
ed Latitude and Reckoning Latitude, muft be fubtra£ted from 
the North or South Columns in the Reckoning; and fo doing, it 
is corredlcd. 

16. To corrcft the Departure (the Eaft, or Weft Column in 
the Reckoning) when the Error is in the Diftance, do thus : 
Add up the N.S.E. and W. Columns from the Beginning, if it 
be the firft Error ; othcrwife from the laft Error, or from the 

. laft Obfervation to the Day of the prefent Error ; in order to 
find the Difference of Lati^uJc :ind Departure j as was ihewed in 
adding up the Columns in a Traverfe. 

And then the Proportion to find the Error, or Correction in 
the Departure, is thus ; 

As the Difference of Latitude, is to the Departure, 

So Ls the Correflion in Latitude, to the Correftion in Departuie. 

Note; Correction in Latitude, is the DifFerence between the 
Obferved Latitude, and Reckoning Latitude. 

The CorrciStion in Departure muft be added to, or fubtniAed 
from the Eaft or Weft Column in the Reckoning according to 
the 14th or 15th Rule aforefaid^ and fo the Departure will be 
corrected. 17. To 



Ghap. 11. How to keep a Journal. 171 

/ 

17. To corred the Longitude do thus ; Find (bjr the Table of 
Meridional Palts) the Meridional Difference of L ititude, between 
the obferved Latitude, and the Reckoging Latituie, and then the 
Proportion \^ this ; 

As the Corredion in Lat. is to the Corredion in Departure ; 

So is the Meridional Difference of Latitude, to the Correction 
in Longitude. 

Then according to the new Way of Computation of Longitude 
in the Mariner's Compafs Reftined, if the I^ongitude and it's 
Correftion be both Eaft, or both Weil, add, but one Eaft, and 
the other Weft, fubtraft, and the Loneitudc is correfled. 

And having gone over the Rules andl)ire£tions about keeping 
and correcting a Sea- Reckoning, or Journal ; I will alfo give an 
Example of a Journal of an intended Voyage from the Lizard 
towards Barbadoes, that the foregoing Rules may be the better 
underftood. 

And although this following Journal be but an Example of fe- 
vcn Days (being fo defigncd that this Book might not fwell too 
big) yet it may beof fu&cicnt Intelligence to a diligent Reader, 
for the right Underftanding this Method of Keeping and Cor- 
recting a Sea-Journal ; efpecially if the following Explanation be 
deliberately compared with the preceding Directions ; and there* 
by as informing, as if the whole ferics of the Voyage had been 
inferted which would have augmented both the Book and it's 
Price, but not anfwerable to the Underftanding thereof. 

Having treated about Keeping and correfting a Journal, which 
cannot well be done 'till the Errors in the Log-line and Half- 
Minute Glafs are redtified j I think it neceffary here to lay fome- 
thing of both. 

The Manner of keeping a Reckoning or Sea- Journal, (by our 
Englilh Navigators) is by the Log-line, and Half-Minute Glafs ; 
ought no{ Care then te taken that they be true, elfc a Reckoning 
kept by them muft be falfe ? 

But it hath beon an ancient Cuftom, and ftill is too much 
ufed, to meafure 7 Fathom, or 42 Feet, between Knot and Knot 
on the Log-line, which is grounded on this ConjeSure, That 5 
Feet make a Pace, 1000 (fuch) Paces a Mile, and 60 (fuch 
Miles) make a Dejgree ; that is, a Degree contains 300000 Feet» 
and a Mile (or Minute) 5000 Feet ; and becaufe an half Mi- 
nute of Time is the laoth Part of an Hour, and the 120th Part 
of (a Mile) 5000 Feet, is almoft 42 Feet* this MotTiM 
fbre too commonly put between each Knot 1 
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But this erroneous Computatioh hath been fufficiently contra- 
difted by Mr. Oughtred^ M. Norwood^ and others. 

Mr, Oughtred^ in his Circles of Proportion, in ,Pages 153^ 
doth allow 66 i Statute Miles to a Degree on the Earth, each 
Mile being 5280 Feetj fo that in a Dejgrce there are 349,800 
Feet. 

And Mr. Richard Norwood^ if] Tiis Seaman's Pra<?iice, Page 
43, doth prove a Degree on the Earth, to contain 367200 Eng- 
lifh Feet; but at length confents to allow 36000C reet to a De- 
gree, and To 600c Feet, the 60th Part, to be one Minute, com- 
monly called a Mile ; fo that 6000 Feet fliould be the Number 
from whence the Knots on the Log-line ought to be deduced. 

Note ; That the Menfure of a Degree, nearly as above, has 
been fully proved by fubfeqiitnt Experilncnts, and is now gene- 
rally received by Mathematicians. 

Therefore, if 6120 (the Feet in a Mile or Minute) be divi- 
ded by 120 (the.Half Minutes in one Hour) the Qiiotient is 51 
Feet ; for the Diftance of each Knot, on the Log-lme, and 25^ 
Feet is half a Knot. 

According to this Calculation, the Diftance between each 
Knot upon the Log-line fliould be 51 Feet nearly, which being 
pther too much, we may, without any material Error, efti- 
mate the Dlftances at 50 Feet each. Yet, notwithftanding, thefe 
Divifions are nearer the Truth than the old ones of 42 Feet ; 
they are, however, erroneous j for it is the common Praftice 
among Ship-chandlers^ to meafure their'Half-minute Glaflcs by 
28 Vibrations of a Pendulum, whofe Length is 38 Inches and 
a Half; and therefore, by the known Rules for Pendulums, it 
will be as the Square-Root of the Length of a Pendulum's vi- 
brating Seconds, is to the Square-Root of the Length of a Pen- 
dulum ufcd in dividing the Log-line ; fo is the Number of Vi- 
brations made by the laft mcr.tioned Pendulum, to the Num- 

be r of Se conds that the Glafs is runing ; that isy v| 39.2 : 
vj 38.S : : 28 : 27,75 the Number of Seconds required : v.hich 
being found, we fhall next have, as the Number of Seconds in an 
Hour, is to the Number of Seconds that the Glafs is runing j fa 
is the Feet in a nautical Mile, to the Diftance which the Knots 
ought to be afunder, in order to meafure truly the Ship's Way; 
that is, 3600 : 2775 : : 6120 : 47«io5 the Diftance requireS. 

From hence it will be very eafy tp find the Error to vriiich the 
pittance mcafured by the Log-line h liable, in either of the above 
Cafes, and more efpccially when fuch Diftance is Very confider- 
able;; as for Example, Let us take the Diftance in the annexed 
Journal, from the Lizard to the Ifland of Barbadoes^ which is 
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3463. Then it will be as 50 is to 47,175^ fo is 3463 the whol^ 
given Diftancc of the Lizard, from the Ifland of Barbaddes) to 
3267 the Diftance run by the Ship's Reckoning when (he arrives 
at her Port, falling fliort of the Truth bv 195 Mues. But by ufing 
the old Divifions of 42 Feet, we ihall nave, as 42 is to 47. 175 1 
fo is 3463 to 3481, for the Diftance run by the Ship's Reckoqi^ 
ing, which exceeds the Truth by 378 Miles. 

Aae^fy Way tq meafure ah Half-Minutfe Glafs. 
Let a Plummet of a fuificient Weight be fattened to one End 
of a Thcead, or Silk-String, that is, 39.2 Inches long, and at the 
other End, let there be a Loop or Noofe, to hang it on a fmal| 
Pin or Nail, faftened in any Place, fo that the Plummet may 
Swing freely. 

Then the Loop of the ftring being hung on the Pirt, the 
String 39.2 Inches from the Center of Gravity, td the Center of 
Motion; that is, 39.2 Inches from the End of the Loop, to the 
ruiddleof the Plummet, and the Plummet caufed to Swing, each 
of ^ofe Swings (hall have a true Second of Time, and 30 of 
them the j uft Length of an Half-Minute Qla&, 

V ■ • ■ ■ ■ ' ' III t . . ■ ■ I , . . ,^ ^ 

A JowRNAL of a VOYAGE^ 

(By G O D*s Pcrmiffion) 

I N T H S 

GEORGE OF LONDON, A. B. Conimander| 

. F R O M T H E 

T . 1 . 5 Latitude - - 4.Qd. 57m. North. 
Lizard, m {L^^git^dc . . |d. 14m. Weft. 

T 6 T H E 

Tn J D c j11- .5 Latitude - - i2d. sSm. Nortft* 
Ifland Barbadoes, in J Longi^^je - - 5^. 50m, Weft, 

Their Difference of Longitude 53d. 36rii, Weft. 

The Courfe from the Liaard S. 5od. cothi W. or SW. \ Vfp 

Their Diftancc in that Rhumb^ 3463 Minutes. 

Kept by C. D. Chief Mat^ 
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N. by E. 












N.E.byN. Rain 


"ZI" 


S.W.byW. 




w. s. w. 




E. N. E. 


Sum is 69 . 8 Which dtwbled is Min, 139.6. 


^1 


fa; 

1 5 


: Mmhmd 


Cmji. 


MwMei- 


D,J/: ,f Lai. h,MiV-\ 


N- ■" " 


S. 


54 


% 


Jan. 1770. 


South. 


18 ' 




I&O 




25 


2 




VWfW 


■J7-4 


1 .r/.i 1 



tik{xXIIt imHrds Barhaddcs^^ 



^15 



V Thfe i4th 6i January i i '77b. At Noon, we iaw the 
Uzard Pant bear North about s9 Minutes or Miic!^ Dif^ 
tance from us : W€ bad variable Winds, frefli Gaksj 
dofe, hazy, rainy Weather, zsptr Columns. 



In Conlpahy with ilhe Sucre/s^ Capt, E. F. Commander^ 
boutid for the Eaft- Indies. 



^ 25th, Our Cotirfe and Diftancc made good this 
'bay, I make W.S.W. 137.4 Minutes, with L^atitude, 
Meridional Diftance, and Longitude^ as pit Columns un-^ 
dcneath. 



'O Zenith jyifiance 
O Dc€lination *— 



d. m. 



Latitude hy Obfervation — 



d, m. 
G Magnet. Amp. 48 47 ESk 
o True Amplit. 29.51 ES, 



Variation 



18.58 Wk 



Latitude hy 
Account in 



Ateridiondl 
Diftance in 



Depart, in Afin. 



E. 



I 



?^ : 



w. 



/?/.s 



Deg. and JUin, Deg. and Min. 



49.39 North 



48.48 North 



02.07 



wSN 



Longitude by 

Account in 

Deg. and Min: 



05.14 W. 



08.27 W. 



MMi 



S a 



Afteriieaa 



t'76 
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I 



•-I 

o 
o 
o 

s 



g 

o 



H 

2 

4 
6 

8 

10 

12 

2 



K 
6 
6 

5 
7 



F. 

of 5 Feet. 



7 
7 



4 
6 

8 

10 

12 



8 



. C. 



ws.w. 



••BW^a 



s.w 



Wind and Weathers 



N.E 



Rain aod Snow' 



i*<^ 



Rain and Snow. 



«» 



S.W. byW. 



W.S.W 



8 



7 
6 

61 



SW byW. 



W.S.W. 



N.E. by E. 



Rain 



E.N.E.' 



Rain 



N.E. by N. 



Rain 



■•»« 



N.E 

f " 



Lightning 



N. E.-by E. 




N;E, 




E.N.E. 


Hail and Rain 




Rain 



Ie. 



Rain 



Sum 



IS 79 - 



8 



Which doubled is Min. 159.6 



• 



Month 
Days 



Week 
Days 



26 



Month and 
Year. 



Jan. '770. 



mm 



CouHc. 



swbywjw 



Diftance 
(ailed in 
Minutes. 



DifF. Lat. in Min. 



N. 



•' 



»S« 



s. 



?}•* ^ 



t Tim 



Chap. XIL 



towards Barbadoes« 



877 



2 The 2 sth of January, 1770, hard Gales of variable 
Winds, with fome Snow, Hail and Rain. 



Our Top-fails reefed, and fo have been ever fince we 
faw the Lizard. A great fwelling Sea following us, and 
letting towards the S.S.W. 



Our Courfc and Diftancc I judge to be S. W. by W. 
half W. 158 Min. with Latitude, Meridional Diftance 
and Longitude, as in the Columns underneath. 



O Zenith Diftance 
O Declination 
Jjit. by Obfervation 



d. m. 



O Mag. Amplitude 
J G True Amplitude 
j Variation ■ 



d. m. 



«r^i» 



Dtpart, tn Min. 



E. 



W. 



> ' J J M 



Latitudihy 

Account in 

Dig. and Min. 



MtridiQHal 

Diftance in 

Dig. and Min. 



f39-8 47-34 North 



04.27 W, 



i«-^iM 



Longiiudi by 

Account in 

Dig. and Aiin. 



11.38 W< 



pr Timi 



* I 



■ ...'^ 



nr 
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Chap. 



L 






4 

6 



9 

r 



8 

10 
12 

2 



K 



7 
8t 



F. 
of 5 Feet. 



6 



ic 
I? 



7 
8 

8 

8 



8 

8 



S.W b w 



s.w. 



Wind and Wesidier. 



E. 



HaU and Rain 



Handed Fore Top-Sail Rain 



%m 



8 
6 



■•■^ 



N.E. 



Rain 



^••■•" 



Rain 



Handed Main Top -fail Rain 



5am is 90' 



Which doubled is Min. iSto.8 Tenths 



T 



Month 
Days 



27 



" 



Week 
Days 



n 



«n 



(9 



Month and 
Year. 



Cburft. 



J^n. 1770 



S.W. 



Diftanct 
failed in 
Minuses 



k. 



Die Lat. in Min. 



N. 



180.J 



Conefied byOUervatioo. 
Conefied. 



S. 



"5-9 
24I0 



.149:9 



Trrrr 



* "IV 



' / 



Chap. XIL 



towards Barbadoes. 
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h The 26th of January^ >770j bad Weather, vciy 
hard Gales, chick Air, with rome Hail and Rain. 



A great Sea a/ter us, fctting towards the S.S.W. for 
thefe three Days pad. 



By Obfervation the Ship hath out-run the Reckoning 
24 Minutes South, which is attributed to th« S.S. W. Sea. 



Our Courfe and Diftance correfted is S. W. by S. 3 
Quarters W. 205 Minutes, with Meridional Diftance, and 
I^iongitude as underneath. 



d. m. 

G Zenith Diftance 63.36 S. 
O Declination — 18.32 S. 



d. m. 

O Magnet. Amp. 10.02WS. 
O True Amplit. 28.16WS. 



Lat. by Obfervat. 45.04N. | Variation — — 17.56 W. 



pipart, in Min, 



E. 



1 ■ r- 



rr 



Latitude by . Meridional 
Account in I Difiance in 
W. ^Deg. and lifin}Deg. and Min, 



I" ■ »■ 



-r 



129.4 j 45:28 North 



09.9 \ oo.it4-Soiitb- 




■ w« »> *■ V ^M 



139.3 45.04 



1-yr 



Longitude by 

Account in 

Dig. and Min. 



15.07 W. 



4-400>IA-Ty. • 



sSo jf ycwHal from EtiQliDd. Chap. XK, 



i 


I K 


F. 

of s Feet. 





Wind «nd Wcatbf*. 


i 


4 7 
6 6 


7 


S.W by S. 


N.E. 


— 




Set Main Top-Sail. 


' 




N.E. by N. 


> - 
1 " 

!■ " 


3 5 
5 
i 4 
' 5 
4~ 
6 6 
K 6 
c 6 
: 6 









' 


S.W. by W 


N.E. 


3 


S.W. 


N.E. Kdn 


5 
3 
I 




Nonh Rain 





NW. by N. Set Fore Top-SaU 




' 




North 





SWbySiW. 


N.N.E. 






iluinifl6si ^ Which doubled IS Min. 138.8 Tenths 


Month 
Pay. 


Da)(5 


Month anil 
Yew. 


Courft. 


Dillance 
failed in 


Diff. Lat. in Mio. 


N. 


S. 


>S 


D 


J«. .779 


iwbyi Jw 


137? 




104.1 












' 




















ci. 





©Tift 



Chap. XIL 



tmaa/rds Bartadoes. 



<8i 



© Thcajth tsSjMttary, 1770; clofe Weather, with 
fome Rain, frefh Gales, and variable ; with a great Sea 
from the N.N.E. 



About 8 this Morning ne faw a fail on our Larboard 
Quarter, To far off that we could but ju(l dlfcern h^. 



Our Courfe and Diftance made good this 24, Hours, 
is S. 4od. 57m. W. or S. W. by S. half W. 138 Min. 
with Latitude, Meridional Diftanc«, and Longitude, ai 
hereunder. 



© Zenith Vijiance 
O DecUnatien 



d. m. 



Ijatitude by Ohfervatien ■ — 



d. m. 
QMagnet.jimp. 42,01 ES. 
■^ True jjmp/it. 35.46 ES. 

Variation — • 1 6, 1 5 W. 



Depart. 


/» Mi,. 


Latitude by 


Aleridianat | Lor.gitude by 1 


E. 


W. 


Deg. and Mit.Deg. and Afin.'Dtg. and Min\ 




90.4 


43.30 North 


o8,i6_Wcft 17.27 W. 








.^ 






^ternwn 




jiymimlfiimBiiim. ek»f.jBI. 



1 

> 

r 
1 


H 


K 


F. 
ofS Feet. 


C. 


iiKi4n4W<at» : 


4 
6 
8 


5 
S 

5 
6 
! 


3 


5SW. 


M.N.E. 









3 






' 




N. by E. 






Rain 


S 




Rain 


» 


! 









6 


S 







N. by W. Run 


3 




Rain 


8 


i 


— 




Rain 


3 






.1, 


« 






Sua 1163 




WUdi*>iikMiiUu..24 




Uentfa 
Days 


Wtek 

Day*. 


Month and 
Year. 


Coirfe. 


Diflaoce 
biledin 
Uinutei. 


Diff. Ut.inMio. 1 


N. 


S. 


79 


* 


Ji». |?70.' 


S.S.W. 


■>4 


,1 


"1 


-J- 










~ ' 







»TH 



Chap. XIE 



towMris Barbadoes. 



aSj 



l> Tht 7ixhoi January^ ^yyo^ clear Weather, inter- 
mixed with Small Showers pf Ram, firefli Gales, and a^ 
great Sea from the N.N.E. 



Abour Six this Morning wc faw two Sail on our Lar-. 
board-b<:w, w' ich we judged were French Men of tVar^ 
who chu^. J us tiH Sun-ict, and could not get upon us y 
then rhey lay by, fo we loft Sight of thpm. 



Our Courfe is S.S.W. 124 Minutes, with Latitude,^ 
Meridional Diftance, and Longitude, as hereunder. 



O Zenith Difiance 
G Declination 
Lai. by Obfervation 



d. m. 



O Mag. Amplitude 
€> True Amplitude 
Variation • 



d. m. 



DtHart. tn Mia, 



E. 



i:r7r 



•i 



w. 



47-4 



Latitude ^ 

Account in 

Dig. and Afin. 



41.25 North- 



•-4i 



•^-T" 



Meridional 



Dijianit #» - • Aeeount in ' 



Dig. and A£n. 



09.03 W. ■ 



Latitude bjf 



Dig. and Mm. 



■ = 



i8.'3aw:. 
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> 

I 

8 

9 



5* 



9 

cr 



IH 

2 

4 
6 

8 

10 

12 

2 
4 

6 

8 

10 

12 



F. 
of 5 Feet, 



4 

4 

5 

5 

5 

5 

5 

41 

5 
6 



6 
6 



Sum is 64* 



Sooth 



^mm^mmm^t 



w^^ 



^■■•il" 



"WaA and Weidier. 



N. 



Sptit Main-Top-Stil 
BiDoght another too. 



N. N- E. 



Rain 



N. by E. 



«■■ 



Rain 



N.N. E. 



Rain 



NX.byN. 



i*"i^ 



Which doubled is Mia, 129*4 



Month 
Days 



Week 
Days. 



30 



Month and 
Year. 



Jan. 1770. 



^-s^T 



Coorfe. 



South 



Oiftance 
fidled in 
lliniites. 



129,4 



DifF. Lat 



in Min. | 



N. 



S. 



129.41 



* 



Chap. Xtl. 



towards Barbftdoes. 



i«j 



* The 2^ihoi January^ 1770 ; frelh Gales uncertain 
Weather, and a N.N.E Sea after us. 



Yefterday, about three in the Afternoon, in letting the 
Reef outof- the Main-Top-^il, it fpitt; which we un- 
bent, and brought another too immediately. 



Our CourfeisScnith IZ9 Minutes, with Latitude, ^t* 
ridional Diftance, and Longitude, as hereunder. 



e ZenilhViftaHce — 
O Declination — — 
Lat. hy Objervat. 



I O Mag. Mpl- ■ ■ r 

10 True Ampl -- ... ...., — 
Variation - - <• ^ 



Dtpart. 


iuMin. 


Latitude by 

Account in 

Deg. and Mi. 


Meridional 

Dijiamtin 

Dig. and Min. 


Lsngitudt by 

Account in 

Drg. and AUn. 


K. 


W. 






39.16 North 


09.03 W. 


18.32 w. 















a$ 



AJnKnMJr§m Igoglaiid. 



.CfMp« xrii 



1 



s 
o 
o 

9 



H 






3 



4 
6 



ic 

12 

2 



6 
6 



F. 

of 5 Fcct- 

■ ff" ■ < ■ 



6 

6 



4 
6 

8 

10 

12 



6 

5 

5 
5 



I 



dam is 7 1 



2 



3 



5 



8 



C. 



Soitth 



■•la^MH^iM* 



N.N,£ 



Wind and Weather. 

■II. I i - *" 



i^ate 



Rai 



in 



>£^ 



E.N.E. 



N.E. by N. 



Rain 



E.N.E 



Rain 



N. by E. and N. by W. 



■*««' 



:^' ' ■ I 



««■ 



N. l>yE.andE.N.E. Rain 



\ 



N.E byN. 



■ <■■ 



Which doubled ii Aftih« 1 43 . 2 



Month 
Days 



'*• 



31 



Week 
Days 



Month and 
Year. 



Jan. :770. South. 



Couife. 



Piftance 
&i)ed in 
Idinntes. 



143* 



Corrected by Obfervatlon. 
Coiredlcd. 



Di£ Lat. in Min. 



N. 



S. 



14^J 



34.0 



17 7-2 



S The 
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y Tht ^oth o( January^ 1770. Fre[h Giles witMiiiall 
Showtrs of Raint a great Sea fram the N.N.E. 



Since the 27th InftanC, Tthe lall: Da^ of Obfervaiion^ t6 
this Day, 1 find we are more Southerly 34 MinuteR than 
by Account ; and with refpe£t 10 the Sea) more Wefter- 
ly 14 Minutes in Meridian Diftance, which maltes very 
near 1 7 Minutes in Longitude. 



Oar Courfe and Diftance correded by a good Obferva- 
tioft, rt S. 4d. 33m. W. or S, half W. 177.5 Minutes, 
with Latitilde, Meridional Diltance; and Longitude aa 
hereunder. 



d. m. 

C> Zt/iitb T)i/tffnn ^g.^y S. 
© I>ectination — 17.28 S. 

Lat. ly Ohfervat. 36.19N. 



d. m. 
© Mig. Jmpl 09 o7W^ 
& Trite Ampl. 22.57WS. 

Variation — — 13.50 W. 



D,fM. 


tn Min. 


Lutitude iy 

Accaunt in 

Dii. and Min. 


Mtridianal 

Di/taactin 

D,g. mi Min. 


Lingilude tr/ 

Aaatint in 

D,g. tnd Min. 


B. 


W. 






35.53 N. 


0»*3W. 


18.33 W. 




14.8 


aiK»»rl 


-»!♦*. 


C0.17W 




14.8 




« 


^^h^^ 


^^ "^ 


■ 



aSS The Jmnat explained. Cliap. XHi 

The Explansiioa of tht preceding Journal. 
"iN this Journal, in the upper Part reprcfcnling the Log-Boofc^ 
-* there arc five Columns and in the lower Part there are twelveCo- 
lumns; a!l which have been dercribcd in.thcOire£lians immediate- 
Jy btfore the Journal (in Page 266.) The Bufinefs now is to 
explain thcAlanncr of proceeding in thisjournal, and that is thus 3 - 
'I'hu firit Pajre of the Journal (in Page 274) contains the Log- 
Jioard for the firfl Day after our departing the Lizard, which was 
1i the 24th of "Jamiary, 1760, at Noon, die Lliutrd bore N. 18 
Minutes Diftance, fefe. as in the Journal (Page 275) you may fee. 
Sunday O But bccaufc the Weeic Day is exprelled by a Cha- 
Manday 1 rafter, which may not be underftood by eveiy oiie 
(though it is convenient fo to write them) you have 
here the Week Days with their Charaflers. 

Andbecaufe the L/ayiri/ did bear North 18 Minutes 

Diitance, therefore make the Courfc South, and 

place J 8m. in the Column, under Diftance, i^c. then 

if Latitude is j8m. which accordingly place in 

A fubtraift it from the Lixard Lat. 49d. 5701^- 



r,^.fd;y 

mdnejday 

Ihtt^fday 

Friday 

Saturday 

the Diilerciicc 

tlic South Colui 



the Remainder 49d. 39m. is the Lat. the Ship is in, at parting. 
fight of Land ; which accordingly is placed in the Column under 
Lat. by Account, fcff. And in the laft ColuRin beeaufe theCourre 
is South, place the Longitude of the Lizard^ sd. 14m. Weft, 
and all that Day's Work is done. 

Then from the 24th Day at Noon, to the 25th Day at Noon, 
you have the Cuurfes and Diftanccs forcvcry two Hours, with tht 
Wind and Weather, as they at-ctaKen from the Log-board j and 
all other Circumftantes attending, are there e;tpreflcdi for the 
Particulars whereof, I refc- to the Journal itfclf^ in Page 274, 
The fcvcral Courfes and Djflances of this Day, may be reduced 
to three Courfes ; Thus, The JVotk oj % the %i^h tf January ^ 
1-70, bein^tkifirji Day' i Sailing, in the pt ueding yaurnalf pagtlj^^ 
K.F. 



H 

At 4 WSW. 5.0 
6 The fame j,6 
8 The fame 5.5 
12 The fame 6.5 
2 The fame 6,1 
4 The fame £.1 
6 The fame 6.3 
10 The fame 6,0 
12 The fame 6.0 

f J -: W.byN, 

Summed up is 53,1 cur \:.i\t 
Thati.WSW,Mii,..56.-"^-'''^^ 



H. " ■ K.F. 

At 2 W. by N. 5.a 

That is W. by N. 10.4 

At JO SW by W. s-i 

8 The fame 6 - 



Slimmed up is 11.5 

That is. SW. by W. 23 Mm, _ 



W.S. W. 



Diflai 



DifTcic-icc of Latitude 51.4 



Dep. 



■9.' 
117.5 



Cbap. Xn.- ^ii Jeifrnel exphmti. a89 

As Diff. lat. - Dep. : : Radius ■• T. Courre. 

As m. 51,^, .. m. 127^ : : T. 45^. .. T. 68^3' (SWly orWSW. 

Then, As SineCourfe-Deput. : : Radius ■■Dilonee. 
As S, 68d. ojca. ■- m. 137.5 : : $. qod. -■ m. ij?-*- 

So that the Courfe made nwd is S. 684- ojin. Wefterly, or 
WSW. nearcft, and "the Oiftuice 137 Min. 4 Teathi ; which 
}dacc in their prsper Columns, as maV be Teen in the firft Day 
of ttc Journal, at the Foot thereof in rage 174^ 

The DifTerence ef Latitvide in.51 ,% (or neareft5i Min.) be- 
ing S^onthcily, rubtn<3 from 49d- 39n(. the Latitude at parting 
Sight of Lanfl, the Remainder 48d. 4801. place under Latitude by 
Account, for the Latitude the Ship it aow in. 

Again, T'he Depvti^^e 127.5 Minates being reduced into De- 

Jrces, ^akcszd.jm. Wellerly, which Place in the Column un- 
er Meridian Dinancc, ii<. in Page 275. 
La^^, To find the Longitude the Ship is now in, you have 
both Latitudes, 49d. 39"!. and 48(1. 48m. the prefcnt Latitude, 
and the Latitude of the Day before, with the Departure Min, 
127.5, by which find the Dil^rence of Longitude, as directed in 
Problem 5. of Mcrc^or'a Sailing, in Pages 96 and 97, when 
the Proportion is. 

As the Difierence of Latitude, is to the Departure, fo is the 
Meridtonal Difiercnce of Latitude, tothcDifierenceof Longit. 
d. m. Min. 

The Meridional Difference of Latitude ft Then fay. 
As 5101. t|"I>i. i274v : • tn. 78 •■ 193.501. or 3d. i^ca. Wefter- 
ly, which being added to die Lengiiude of the Day bcfiiic, 5d. 
14m. the Sum fid. 17m. Weft, is the prcfent Longitude, which 
place in thelaft Column of the Journal j then that Day's Worlc 
is fini&cd. 

Thenfromthez5diDayatNoon, to the a6th Day at Noon (in 
thejtwoaextPagcs'of the/ournal) theCourfes andDiftances for 
every two Hours, the WiMd «nd Weather, with ,^er Cucum- 
ftances attending, oken &omthe Log-baud, arc let down; for 
the Paiticulitrs, -fee the Journal, in I^lgcs 176 and 277. 

Now the ieveol tioutfo wd DiftuKC* « tUi D^ 
ilius: 

TheW'^'^ of t the 25th of January, 1770, the fcooodE 
Sailing in the preceding Jounuf, ialt^gKajd aad 277. 




190 



fie Jounud expldmdd. 



H. K. F. 

Firft, 2 WSW. 6. 
JO theiame^. 

7-' 

7- 

■: 7-* 

7. 

— 6.2 

6.6 



12 

2 

6 

8 

10 

12 



H 

Secondly, 4 m . ■■ SW. 
6 -*«— The fame 

Summed iip, is — — — 

that is SW. — — 

Thirdly, 8 S W. by W. 
4 The uune 

'Summed up, is ■ - > 

That is SW. by \V. 




Summed up, is 54. i 

That isWSW. 108.2 

So that the Courfes of this Day arethefe, WSW. m,io8.^ 
SW. m.23 6, and SW. by W, m.27.8, and by Chapter 3, Sedi- 
on 4. of Plane- Sailing, in Pages 64 and 65^ may be reduced intc 
one Courfe as follows. 



Courfes. 


Dift. 


.hf. 


S. 


' *•■; 


vtr 


W.S.W; 

S.W. 
SW. by W. 


108.2 
23.6 
27.8 


■ 


41 -5 
16.7 

15.4 




lOO.O 

16.7 
'23.1 


J .>i. lance. 


159.6 


Lat. 


73.6 


Dep. 


139.8 



As DifF. Lat. •• Dep. ; : Radius •• T. Courfe* 

As m. 73.6 •• m.i3g.8 : : T. 45d. •• T, 62d. J4m. South Wefler- 

ly, or SW. by W. i W. is the Courfe made good. 

As 8. Courfe ••Departure : : Radius •• Diftance. 
As 62d. 14m. -• m. 139.8 : : S. god. ••158 Minutes.. 

The Difference of Latitude m. 73.6 S. and the Depar. m.x^o.S 
Weft, make the Courfe S. 62d. 14m. W, or SW. by W. i W. 
and thx: Diftance i58Min. which place in their refpe&ive Columns 
in the Journal for the Day propofed, in Pages 276 and 177. 

Then the Difference of Latitude m.73.6 or jd. 14m. being fubli 
tradted from the Latitude of the Day oefore, 48d. 48m. the Re*: 
mainder 47d. 34m. place under Latitudeby Account, for the La- 
titude the Ship is now in, as in Page 277. 

And the Departure m. 139. 8 near i4oMinute89 beins equal' jbm 
2d. 20m. is added to (becaufe it's Weft:, had it been Eaft itibmtt 
have been fubtradled from) 2d. jm. the Meridian Diftance thcl^x, 
before, and it makes 4d. 27m. Weft, for the Ship's whole Mei^ika 
Diftance from the Lizard, which place under it^s proper TidiB^ ia 

Page 277- / . \ 

Laftly, To find the Longitude the Ship is now in, you have 
the Latitude 48d. 48m, and 47d. 34m. the prefent Latitude, and 
the Latit. of the Day before, with the Depar. m. 139.8, by which 
you may find the Differ, of Longitude in this manner* f 95 
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d. m. Min. 

The Mcrid. Differ, of Latitude 1 1 j , And then fay, 

Pa m. 73.6'-m. 139.8 :: irt. iit--in. siOrS, or 3d. 31m. 

Wefttrly, which being added to the Lbngitude of the Day before, 

8d. 27111, the Sum lid. 58m. Weft, is the prefest Longitude. 

which place in the laft Column of the Journal, in Page 377 j and 

the fecond Days Work is tiniihed. 

Again, In the two next Pages of the journal, are the Courfes 

Diftance, Winds, &c. taken off the Loz-Board from the i6th 

Day at Noon, to the 27th, which are wrought hs ibllows. 

The Work of t the 26th of January, 1770, third Days Sailing 
in the preceding Journal, 



Courfes. 


Dift. 


N. 


S. E. 


W. 


SW. by W, 

sw. ; 


IJ.6 
168.2 




..r, , 


lO.S 
.18.9 


Diftance. 


180.8 


Diff. Lat. 


ns.9 Dtp. 


.^.i 



As Diff. Lat. ■■ Departure : : Radius ■■ T. Courfe. 

Asm. 125.9 "m.119.4 '■ '• T"- ^5^- "T. ^.jd. 47mt South Wef- 

terly or SW. is the Ship's Courfe, 
As S. Courfe ■• Departure : : Radius -. Diflaritt. 
As S. s^^i. 47m. ••m.i29-4 : '■ S. god. : 180.5. Miniates. 

By the Work above, it'sevident that the Difference of Latitude 
is ni,i25 Q South, the Departure m. 129.+ Weft, Xvhich makev 
theCourle S. 45d. 47m. W-OrSW. and the Diftance 180.5 Mi- 
nutes very near, which place In the refpCftive Columns in the 
Journal for the 27th of January, in Pages 278 and 279. 

Then the Difference of Latitude m. 125,91 otncar ti6 Minutes, 
equal to 2d- 6m. South, fubtraifted from the Latitude of the Day 
before, 47d. 3401. Remaindcris the Latitude by Account, the Ship 
is in 45d. 28m. N. which place in the lOih Column, in Page 279. 

And the Departure j29min. or 2d, 9m, Weft, being added to 40. 
27m. the Meridian Diftance of the Day before, makes 6d. 36m. 
Weft, the-wholc Meridian Diftance by Accounr from the Lizard, 
which place in the 11th Column of the Journal, in Page 279.' 

And now having both Latit. 47d. 34m. and 45d. 28m. with the ^ 
Departure m. 129.4 ; by them find the Diff. of L»ng. thus 




Tbe MerUional OiS^mil 
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As tn. 125.9 -m. 129.4 : : 184 m.-iffg.i m. or gji. qai. 
Weft, the Diirer^ncc of Longitude^ and being added to the Lmh 
gitudetheDay before, iid. 5801. the Sum I5d. 07m. is But 
Longitude (bv Account) the Ship is ttoHr in y wbicb place in the 
laft Column of the Jourrtal, in Page 279 9 and this Efay'a WefK 
(as to the Account, or Dead ReckOnir^g) is finifhed. 

Bat on the faid 27th of January atNoon, by a good Obfem- 
tion of the Sun, I find the Latitude 45d. 4m. Notth, wKeteas by 
the Journal, tl^ Latitude is 45d. 28m. North, their DiffierdDoe 
h 24m. South, that is, the Ship by Obfervation is 24 Minutes 
more Southerly than by the Reckoning. 

Wherefore, to correct the Latitude, f>lace 24m. in the Soudi 
Column, and add it to the Difference of Latitude m. ^^S*9t ^^ 
makes min. 149.9 ^^^ ^^^ corre£ted Difference of Latitude ; alb 
fubtrafl it from 45d. 28m. (the Latit^e by Account] to inalK 
it agree with the Obfervation, as you (ee is done in the Joanal 
for the faid 27th Day, in Pages 278 ani 279. . 

Then to correal the Departure^ confider accbrding to the gjdi 
Rule in the Dire£lrons for keeping a Journal, preceding it" 
Pa^e 269, whether there be a Current or no, and confultin^ 
written Journal, I find, •* J great Sea after tis^ fitting fotuards _^_ 
** SSW. for thefe three Days paft^* which I take tobethcCaufc 
of this Error of 24m, in Reckoning the Latitude ; and tliereJbic 
(by Problem 2, of Plane Sailing, in Page 6x.) find what Depar- 
ture a SSW. Courfc, with Difference of Latitude 24m. will 
make, which is thus. 

As S. 6 Points •• 24m. : : S. 2 Points •• m. 9-94I the Corre6^- 
oh in the Departure, which place in the Weft Column, and a<^ 
it to the Departure m. 129.4, it makes iM.^. for Che <orre£lc^ 
Departure : Alfo add it to 6d. 36m. (the Meridian Dlftance ij 
Account) it makes 6d. 46m. the correfled Meridian Diftahce ; 
as you fee in the nth Column of the Journal in Ps^ ^7%% Aifil 
to correal the Longitude by the 17th Rule for keeping a Jotirinl 
( in Pages 27c and 271} is thus : 

' d. m« niin. 

t af Ktr 5 Account 45.28 7 w_ p_. C 3069 7 fouhd in the *r. 
^i O bferv. 4s.04 5 ^^'' ^ ^ l '3036 S of Merid, ^arts, 
Correflion in Lat. - 24Merid.Diff'rLatit 32 Then^,., . ,u 

As 24. -m. 9,941 : : ^3 Minr *• 13.67 Min. the i^m^^n 
in Loneitude Weft| which beine placed in the ikft^CSqtiu^h, 
and added (for that by the Second of the xjth |lule Receding 
the Journal, in Page 270, the Ship had out-run the RccJcomng).. ^ 
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to 15 Deg. 07 Min. tbe Loneitude over it, the Sum 151!. %xm. 
write luiMnieath, iriiich ii ue coirc^ Longitude the Sbip it 
in. 9tJtk4^ 

Laftly, To find the Courfe and Piff ere n ea agreeable to the Cor- 
re£tion by Obfervation, you hare the corredcd Difference of La.- 
titude and Departure; which, according to Problem 6. of Flanc- 
Sailing, in rage 63, is thus: ' 

As the corre^M Difference of Latitude, is to the correAcd 
Departure; Ibis Radius to the Tangent of the Courfe corre£led: 
ThttU, 

As m. 149.0 •• m. 139.3 : : T. 45d. •• T. 42d. 54m. South- 
Wefterly, or S W. by S. thre Quarters W. is the correfted Coiufe. 

As S. Courfe •• Depart. : : Radius ..Diftancc. 

As S. 42d. 54d, ••m. IJO-S : : S. god. .■ 204.6™. correct Dill. 

So that the Courfe and Diilance correifted by Obfervation is 
SW. by S. three Quarters W. 205 Minutes nearly, which write 
in the journal for the faid Day, in Page 279. Then the whole 
is finilncd, and the Reckoning iet to rights (or that Time. 

And now, having largely ihcwed the Manner of thefe three 
Davs Sailing, how they are wrought, and placed in their proper 
Columns in the Journal, with an Example of a Correftion by 
Crelefljal Oblervation j I leave the reft to the diligent Learner's 
Practice, for thev are done after the liuno manner : And the 31ft 
of January you'll meet with another Correftion iar your Trial, 
which you may perform, if you ftudioufly compare this one Ex- 
ample with the preceding Rules and Dire£tions, and with fre* 
quent Pradice thde will fi^ciently enlighten the Way, the Man- 
ner how, and the Means .whereby, to Iceep the Journal (in this 
eafy and commodious -new Method} with greater certainty than 
hath hitherto been taught. 

And to invite all to keep their Sea Journals after this new Me- 
thod, which I dare prafume will nearly quadrate with the Forms -, 
pra^iced hv the Ingenious ; I have caufcd Paper Books to be ru- 
led and iRtitled (ip^ll Rcfpcds) likcto the Journal foregoing. 

Which you may be fiunuflied with at reafonable Rates, Hiy 
Meflh. MouifTvidPAGi, TttfitrmU. 
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194 ^^^ ^ ^f ^^^ ^ahlt of Logariibms. Chap; I, 

II. A Table of Meridional Parts, for the ipakinjg MtrMm^9. 
Charts^ and working Queftions in that Kind of Sailing. 

III. A Table of proportibnal Parts, for (npplying ^very Mi- 
nute of Latitude in the Table of Meridional Pi^. 

IV. A Table ofLc^arithnisfropi i to lo^coo. 

V. A Table of Artificial Sines, Tangents, and Secants tD 
every Ekgree and Minute of the Quadrant, and R^^lius being 
lo.cooooa 

VI. A Table of Angles, which every Rhumb (or Point of 
the Compafs) hai|kctt with the Meridian. 

AH c f :hem cvefuUy Corre^^ed, and pca£lly Printed. 

CHAP. T. . 77? Explanation and general Ufe of the Table of 
Lcj^aritk/n^^ and I able of Sines ^ Tangents^ and Secants, 

^T*HE Tabic of Logarithms being; of more general Ufe than any 
^ other, I bjegin with it, although it be one of the laft in this 
Book. 

Scftion L The Ufe of the Tabic of Ten Thoufand Logarithms^ 

beginning at Page 315. 

HIS Table hath its firft Page divided into fix Columns, and 
all the following: P:\ges into feven Columns, and containeth 
the Logarithms for all Numbers, increaiing in their natural Or- 
der, from I to 10.000; after this Manner. 

1. The Firft, Third, and Fifth Columns of Page 315, con- 
tain Numbers incrcafing in their natural Order from i to 100, 
the other three Columns contain the Logarithms of them. 

2. The Left-hand Column of each following Page (from Page 
316 to Page 317) contains Numbers increafing as before, from 
100, t6c)^9j the next five Columns of each Page, contain the 
Logarithms of all Numbers from 1000, to 9^9 : Thofe on the 
Left-hand Page are diftinguifhed at the Top Vi^ith the Figures 
<>li|2l3|4., thofe on the Plight- hand with die Figures sl6|7l8|o. 

3. The Nambers in the Left-hand^Jolimn, (under M^wi.) in 
each Page, with the jointtrg th'ofeP'igUreis attheTdpof tbcothcr 
Ten Cpjumns, are extended from 1000 to 9Q99* 

4. The Column of each Page, under Dr^T at the Top, coh- 
tainetih the nifiFercnceo/ the Lo^dthmf^cceiG^vely in tjbajt Column. 

The Manner of Reading them, and their geaerai Ufe^ Audi be 
cxplaini^ in the following Propofitions. '■ . 

P/opofijLioii. u 4^wb$k NjirnhfTy under TOOj^ bek^ fi^^S tofffd 

the Logarithm tbereaf 
.. Tke Rule. Turn to the .T^Ue of Logarithms, and in the 

Firft^ 



T 
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Firft, Third, or Fifth Column, of Page 315, under (Numb.) 
at the Top, iook for the given Number, uid in the next Column, 
under (Logar.) is the Logarith fought. 

Example. Suppofe the given Number was 19 ; What is it's 
Li^arithms ? 

Look in the firft Column of Page 315, under (Num.) for 19, 
and in tke nextColumn, under (Logar.) is 1.278754, which is 
the Logarithm of 19 : After the fame Manner you will find the 
^0.301030 

Logarithm 



{a-l ^0.301030 

100 J (a.eooooo 



Note r. In every Logarithm, the firft Figure or Index (to the 
Left-hand, is called the Cbaradleriftic, Index, or Noting Figure, 
and !i icrveth to flicw how many Places the Abfolute or Natural 
Numbor, (thereunto belonging) doth contain. 

Note 2. The Charaflenftic or Index of every Logarithm, is 
an Unit lefs than the Number of Places in it's correfpondcnt Ab- 
folute Number. That is, 

All Numbers from ito 10, the Firft Figure of their Lc^rithms 
is o, from 10 to 100, i« 1 ; from 100 to looo, is 2 ; from 1000 
to 10.000 is 3 i from 10.000 to 100.000, the Chafafteriftic or 
Index of their Logarithm, is 4, (^c. 

Propofition 3. 'A Number that confifts of three Places being 
given \ to find it's Logarithm. 

The Rule. Seek the given Number in the firft Column of the 
Left-hand Page, under (Num.) at the Top; juft againft that 
Number, and in the next Column, under (o) at the Top, you 
will find a Number of fix Places befides the Index Figure corref- 
pondent to the given Number; that intire Number is the Logac 
rithm fought. 

Example. I deliie to Imow tl)e Logarithm belonging to the Ab^ 
Folute Number 21J ? 

In the firft Column of I*age 320 under (NumJyou'U find 215, 
and right againft it in the next Column, under^} at the Top, 
i> -332438, befideta the Index Fijjure proper foe 215,' tlteintire 
Logarithm is 1,^32438, for the lumber U5, .••" 

0.353438 ' ■ . . r ' 
In lite Mtnaw) *•*'*■ ( . \l:33M38 ;" *' 
tbiLogMithmflf) 0.369 ( " \i.s67026T 

I « A- .1 . 1-1.56^046/1 

.5670261* 
1.567026 




Here Note. That when the given Number Is » given f ni£H- 
oii, Mk Index huh a Dafli over it, which by fonw is-ciIM k, 
Negative, being it's the Ltdex sf > Ixwarithm wiipfecwte^lba*. 
dent Abfolute Number is Ub. than an Unit. 
Fropofition 3. A Nunber coarifting of Arar Plkccs given ; ttf. 
find the Logarithm thereof. 

The Role. Seekthediree firft Figure* of the m«n Number 
in the Left-lMnd CoIrnnDj under (Niim.)^ and the rourtfi or lafr 
Figure at the Top ; then in the Commcm Angle of Meeting is a. 
Number or fix Places (befidfes the Index Figure) beforcwhich, if ' 
you pUce or prefix it's proper ChanAciiltic or Index, you'll then, 
have the Logarithm fought. 

Example. What is the Logarithm of 2157 ? 

In the Left-hand Cokimn of P^e (320) under (Num.) find 
215, and7at theTopof tb'ePggc (321,) then write artinft (215) 
and under 7, you'U find (Sefides itj Index Figure) .733S5QJ 
before which prefix it's proper Index 3, ajad it's 3-333»SO» ^^ 
Logarithm of^i57. In lilce lid'anner, '' 



f2«S-7 
21.57 
2.157 
o.2r57 
0.02 15 7 



fa 333850 
'333850 

0.-33385O 

i: 333*50 

21333850 



The Logarithm of^ 0.002157 ^,5.^3^333850 



0.03695 
0.5695 
3-695 
36.9s 
3*9^5 



I 2.567614 
11.567614 
0:567614 
J 1.567614 
1.1.567614 



ilftPHgc 



Fropofition 4. A L<9zarithm being -given, to find the Abfolute 
Numobi thereunto Klongiag. 

This is but the Convcrfe of the former Ptopofhions, ilndtfaet&t 
fore according to Chapter i.. No'te'i,- in I^igBiu. 

TheRuIeis, i.Th«Charaaertftic€irIndex»wiH declare of hoW 
many Places the CorrefpondbnE Abrqlott Number doth ahifift> 

2. For if the Index be fo) or fi} fe*t the gf ven L^earithm in 
Page jr^, of tl^Tab!« of Logarithms j and whiBiiiifs(lJ*eIpit 
in the following Pages after Page 315. But When fft' j,'4i'ii'5. 
f^c. rejc^ the Index and feeic theibnaJniftgFigilroamongttie Lo- 
ipricfanu 35 before, and thcNumberagl^janitisi^Niiiiiberfought. 
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Examolc Let the given Logarithm be 0^59^970. What is 
the Abfolute Number belonging tjiereunto ? 

This. Logarithm 0.698970 you wi]Lfind in the fecond Columi^ 
of Pagf 315, under (Logar.) at the Top, and right againft it ia 
the Left-hand Column uadei: (Nuip.) there is (5) which is the 
Abfolute Nuralj^r fought. 

Example 2.. I demand t^e Abiblute Number coi:refpondent 
to this Logarithm 1.6532 12? 

Lopk dowQ the fourth Column of Page 3i5,^ndyou'll find; 
1. 653212 under (Lpgar.) to ftand' agaimt 45 under (Num.) 
which is the Nuinber'sequired% 

Example 3* What is the Abfolute Numbei[ anfwcrable to this 
Logarithm 2.332438? 

The Chara£leriftic or Index '2^ fheMreth the Number fought 
doth confift of three Places ; and in the* fecond Column of tha 
Left-hand Page under (0) at the Top, in Page (320) you will 
find the aforeiaid Figures 2.332438 to ftand againft (215) in the 
firft ColuQin i^ider (N.um.jtherefore the given Number ibught 
15 215. 

■ 

Example 4. Suppofe the given Logarithm be 3*333850,;^ What 
is the Abfolujte Number agreeable thereunto ? 

Reje<E^ 3 the Index, which dechreth the Number fought con- 
fifts of four Places \ and then looking down the fecond Column oC 
the Left-hand Page, you will in Page (320) find the ncareft, 

iiefs than .333850 the given^Logarkhm) to be .332438, and the 
dumber againft it in the Left-hand Column is (21J) ; then look 
acrofs the Pages in the fame Line iiire&, towards the Right-hand, 
from the faid 215, and under 7 at the Top in Page (321) you 
will find the given Logarithm •333850, therefore 215 in the Left- 
band Column, and the 7 at the Top being put together, make 
2157 the Number required. 

Seaipn \\, Tlie Ufe of the Table of Artificial S 1 nes. Tangents, 

and Secants, ' beguming in Page 35s. 

^lilS ^TaUe foltowtfdi next rfter theT»ble of.Lof^ 
^ and contains the Logarithmic Sine, ' Taamt, aiid Secant,, 
to eirm^ ^QiQl^ree and Mbiulc^of the Quadnnt, iJutefltJMwManiicr^' 

I.. Everyra^ is divided into eight ColuiflVn^' 
t>f whicb'contains- the IMMiMitta •frj^r^isfi' 
fix, the Zjqgacitbmi€ SJaciffTiimijIirj 1 
{(Cces,aa4'MumtP8,-, , • f di; r .astil* 
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2. The \ ^^^;^ I hand Column of each Page] ^^^ | Mi». 
at the j p^ iofthc Table conuineth the Minutes of thoTe 
Degrees which arc \ I than 45, and increafe in thrir 

{ Afccn"^ ( ^^""^ ^ *° ^^ Minutes. 

The Explanation is in the Propofition following. 

Propofition 5. To find the Sine, Tangent, and Secant of any 

Degree and Minute given. 

The Rule. If the Degree be \ ^^^ Vthan 45, it is found in 
thofe Colupins which have the Wprds, Sine, Tangent, Secant^ 
at the {poofJofthcTable, 

Example x. I demand the Sine, Tangent, and Secant of 
25d. 15m. 

Look for 25 De|rees, (in Page 408) at the Head or Top of the 
Table, in the firft Column (of the Left-hand Page) under (Min.) 
at the Top, look downward for 15 ; againfl which, and (in Page 
408} under (Sine) you will find 9.629980, which is the Sine of 
25d. 15m. Alfo againft 15, and under Tang, you have 9.673602, 
the Tangent of 25d. 15m. Likewife againft 15, and under Sc-i- 
cant, you have 10.043613, the Secant of 25d. 15m. 

Example 2* Suppofe you are to find the Sine, Tangent, o^ 
Secant of 33d. 45m. 

Turn to 37 Degrees (in Page 424) at the Head of the Tablo^ 
and in the firft Column upon the Right-hand Page, under (Min.) 
at the Top. (of Page 425) find 45 ; right aeainft which, and 
under (Sine) at the Head of the Table (in rage 425) you will 
find 9.744739, which is the Sine of 33d. 45m. Alfo againft 45, 
and under (Tang.) you'll have 9.824893, the Tangent of 353. 
45m. Likewife againft 45, and under (Secant) is 10.080x54^ 
the Secant of 33d. 45m. 

Example 3. Let it be required to find the SinCi Tangent, or 
Secant of 56d« 15m. 

Seek 56 Degrees (in Page 425) at the Foot orQottomof 
the Table, and in the Right-hand Column of (Pw 425) 
over (Min.) at the Foot of the Table lode tapwardi lor 151 

tKei^ 
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then againll 15, and over Sine (at the Foot of the Table) you 
have g.919846, the rine of jGd. 15m. Alfo, againft 15, and o- 
vcr (Tang.) you will find ic.175,107, the Tangent of s6d. 
15m. Likewife againft 15, and over (Secant) you'll find 
i ?. 5 526 1 the Secant of 56d. 15m. 
^ tinple 4. S jppoH^ it were required to find theSine, Tangent, 
; lit of 67d. 51m. 

■1 in 67 Degrees at the Foot of the Table, (in Page 

. ii:! !!! vhc Right-hand < Column of that Page, over (Min.) 

. .. the Table, look upwards for 51 ; then againft 51, 

.« , in Page 402, you'll find the Sine of 67d. 51m. to 

• 7., : and the Tangent in the fame Line, over Tang, to 

. .';c).\;i6 ; alfo the Secant to 10.423621. 

^ ;:.p('ilt:^.^ 6. A Sine, Tangent, or Secant being given; to 
f>:id the Degrees and Minutes anfwering thereunto. 

Ar^. i that the Learner may the more readily turn to the Degree 
anc \Iinute required, let him obfervc this brief Rule. 

A j I ang. > and tl^e ift Figures 4 J >^< lo.oooo I 

L Secant ) I more J** L 10.1505 1 

is a < Tang. } > than 45 Degrees 

( Secant more j 

Example i. Suppofe it was required to find the Degrees and 
Minutes anfwering to this Sine 9*730205. 

This according to the preceding Rule, being the Sine of left 
than 45 Degrees, I run over the Columns which have (Sine) at 
the Head of the Table, and under 33 Dej[);rees, and againft 16, 
(in Page 424) I find the given Sine ; therefore the Degrees and 
Minutes fought are 33d. i6m. 

Example 2. Suppofe you are to find the Degrees and Minutes 
^orrcfpondent to this Tangent 10.183966. 

Running over the Columns which have (Tang.) at theFoot of 
the Table, you'll find (in Paee 424) over 56 Degrees, and right 
againft 47 Min. the neareft leis to be 10.183893. Therefore the 
neareft corrcfegnding P^rte <uid liifinute if ^Sd, 47m. In like 
manner do for any other, ^' ■ 

propofition;^. 'Tdfii^^ the Side CDttj»*' ^" 
plement, or decant, Cobiptanmt <^jy' 

The Rule. JSubtraA thoTci^ 
{rees, ar)d then ta^ die fffl 
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Remainder accdrding to Propofition 5, in Page 298 ; which will 
be the Sine Complement, Tangent Compleroentj^ or' Secant 
Complement required. 

Example. Suppofc it be required to find the Sine CompIeineAt» 
Tangent Complement, or Secant Complement of 33d. -4.5111. 

Subtraft 33d. 45m. from go Degrees, the Remainder is 566. 
15m. whofe Sine, Tangent, or Secant, according to Propofiti- 
on 5, in Page 298, is the Sine Complement, T^gcnt Comple- 
ment, or Secant Complement required, 

Propofition 8. To find the Sine, Tangent, or Secant, of any 
Number of Degrees and Minutes, which exceed 90 Degrees. 

The Rule. SubtraS thofe Degrees and Minutes from 180 Dc* 
grccs, and feek (according to Propofition 5, in Page 298) the 
Sine, Tangent, or Secant, of the Remainder, which will be the 
Sine, Tangent, or Secant required. 

Example, Suppofe you are to find the Sine of I32d. lytn^ 

Subtract 1 32d. 17m. from 180 Degrees, the Remainder is 4.71!, 
43m. the Sine of which is the Sine required. 

Propofition 9. To find the Complement Arithmetic of any ho^ 

garithm given. 

The Complement Arithmetic of a Logarithm is, what it want- 
eth of 10.000000 or 20.000000, and is ufcd to avoid Subtraction ; 
For finding it 5 this is. 

The Rule. Take theRefidue or Remainder, of the firft Fi-^ 
gure to 9, and fo of the reft, until you come to the laft Figure,^ 
of which take its Remainder under lO} and it's done. 

Example i. I would have the Compl. Arithmetic of 9.625948 ? 

For the firft Figure 9 write o ; for 6, 3 ; for 2, 7 ; for 5, 4- ; 
for 9, o; for 4, 5 ; and for the laft Figure 8, write 2 : And {6 
you have 0.374052, for the Complement Arithmetic fought. 

Example 2. The Complement^ Arithmetic of 10.331327 » 
required ? . ' 

For o (always rejefting the firft Figure, wh^ there are two 
Figures in the Charaderiftic) write 9 ^ a^d.fo on a9 before di- 
rected, and then you will have 9.668673, wl^ich is the .Comple- 
ment Arithmetic of 10.331327, - . " 

CHAP. 
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Ch.n. ^eVfe^ftb\tabUofD^.tat,aniDep. ^oi 

Chapter tl, 7*^ Explatidtioa and Uft of ibt Tihk of Dif- 
ference, of tdtitude and Departure frtm the Meridian^ i» 

Page 306 and 307. 
'TpHIS Table, though ftandingin fo little ft.Minashn>Pages» 
•*■ will give the Difference of Latitude and Detiarttire for any 
Diflancerun* under 10,000 ; and for every Quarter Point of 
the C<}mpa&. 

The Cottrre ftahds zt dte HtSid and Foot of tb« Table ; at the 
Head it begins at i Poinr, aiid then ^ Point, ! Ptrint^ increafing 
forward to 4 Points. 

At the Foot it begins # \ Points, and then 4 t Poihts, ^ 
I Points, 4 ff Poiiits, incrcifirte backward to 1 1 Points. 

The DiAanceruri is placed in the two outemloft Colunins of 
each Page, under and over the Word Dift. both at the Right-hand 
iind at the Lcft'hknd, beginning at i ; and increaling downwarA 
to 10, about Half' way each 'Page ; and then beginning at i, and 
from thence incrcafinEto 10, at the Foot of each Page. 

The Difference of Latituile and Departure from the Meridian 
ftand under the Courfc at t^eHcal! of the Table, and over the 
Courfe at (be Foot thereof; Which Ofc diftinguiflicd by the Words - 
Lat. and Dep. 

The Ufc bf this Table Ihall be Oiade evident in refolvinc s 
fingle Courfe (which is the firft'Cafiiof Plane Siiiling) andalfoa 
TraveWc, in tnefe folloi*higrtopofitions. 
Propofitibn 10. CourfearidDiftftnceriingivcn; to findtheDifffe- 
rente of Latitude and Departure from the Meridian ? 

Example I. Admit aShip^aihS. by W.JW. 6 Minutes, I dc- 
mand the Difference of Lat. and Dep. from the Mtridian? 

On the Left-hand, in Page 306 (of the Tabic under i J Point) 
and right againft 6 Minutes under Dift. youwillfiiid (under 
the Word Lat.) 5.6402, arid [under the Word Dep.) 2.0213, 
for the Difference of Latitude "and Departure required- 

But it may fuffice if Che Dilti:rence of Latitude ahd Departure 
taken only in Leagues or Minutes, ahd tenth Parts of a Minute, 
or Leagues, with this Alltiwtuice, that is. 

' " ri") Tcnih ' 
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And when the Parts are 95 1 , or more, then make the Minute 
or Leag. of Diff^ of Lat. and Dep. from the Meridian r more 
than they are in the Table ; as for Inftance in both Caiev.- 

151 I I 6.2 > Tenths. 

Inftead of^ 7-259 ^^^ down^^ 7.3 J 

^' > Minutes or Leagues. 

So thenlhe aforefaid Example S. by W. | W. Diftance 6 mill. 
being fou&rht in the Table, finds as by the above. 

rY,A^«^r^^^^oi^^^' 5-6492 f that is J J}-"" S^^JonAs. 
c Departure - - 2.02133 ' ( Mm. 2.0 Tenths. 

Example 2. A Shi^ fails SSW. half W. 60 Minute^, I demand 
the Difference of Latitude and departure from the Meridian? 

To perform this, count i attheBeginningof th^Table, tobq' 
10, and 2 to be 20; 3, 30; 4, 40 ^ 5, ^o -, 6, 60s 9^* to io» 
which (lands for 100 : According to this Diredlion, againfl 6 
which now ftands for 60} on the Right-hand Page 307, andun«» 
er 2 i Points, ftands 5.2915 under Lat. and 2.8284 under Ocp« 
which makes the DiflT. of Lat. 52»9I5, or Min. 52.9 Tenthsr and 
the Dep. 28.284, or Min. 28.3 Tenths: Forobferve, That if the 
Diftance be 6 Min. the DifF. of Lat. is 5.291, and Dep, 2.828, 
rejedlipg the laft Figures, which are of little Value. But, 

And after this Manner you muft increafe the DifF. of Lat, and 
Dep. as the Diftance doth increafe in a tenfold Ratio. 

Example 5. Suppofc a Ship fails ESE. i E. 65m. I demand 
the DifFerenccof Latitude and Departure from the Meridian ? 

This muft be looked out of the Table at twice, that is, firft fintf 
the DifF, of Lat, apd Dep. for Dift. 60 Min. then find the DifF. pf 
Lat. and Dep. for Dift. 5 Min. both under the fame Courfe, and 
add both together, which will fliew you the DifF. of Lat and Dep. 
required ; as hereunder you may fee. 

5607 ("20.217 r 5^-49 

J j^The Diff. Lat. is4 1.68 [and Dep. -j 4.71! 
65 J (.21.893 (.61.20 

That is, according to the former DireSions, the Diflference of 
Latitude2i.89,or Minutes 21.9 Tenths, and theDeparture6i.20. 
or Minutes 61.2 Tenths, which was required! ^ 

Example 4. A Ship fails S W. by S. i W, 137 Minutes, Idc- 
IDand the Difference of Lat. and Dep, from the Meridian ? 

. Thi* 
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This muft be taken out at thrice > Aat is, ftck the Diff. of Lat. 
andDep. for the Dlft. in m. 100, for m. 30, and for tc. 7, with" 
the fame Couric ; add them togedier, as hereunder it done. : 
Min. Min. Min. 

■ 80.32-) 



For Dift. 



iioo-j r-8o.32-j f^'P 

^ ioiff. Lat. is j ^il I and Dep. j 'j^ 
137 3 i 110.04J t8i.6i 



That is, Dif.of Lat. is igoMin.and Dep, ism. 81.6 Tenths. ' 

Propoiition il. Several Courfesand Diftances given ; to find 
the Diff. of Lat. and Depart, which is the refolving a Traverfe. ■ 

Example. Admit a Ship fails WSW. 106. 2m. then W. bvN. 
m.io.4thcnSW. byW. 2jtn. I demand the DifFerence ofLat. 
and Dep. direft Courfe and Diftance from the firft Place ? 

Thefc Courfcs and Diftances are taken from the foregoing 
Journal, in Page 274, being what the Log-board made out for 
the firft D^y after departing from the Lizard. 

Inorderto the workingjhis by the Traverfe Tabic, fet down 
the feveral Courfes, and Diftances, as in tlje Tabic following. 



Cm-fo. 




Dif^., 


,./£«. 


D^mur,. 1 


N. 


S; 


E. 


w. 


VI.S.VI. 


100.0 
6.0 
. .2 




38.27 
2.30 
.08 




92.39 


W.'bylJ. 


10.0 
0,4 


Q.08 








SWbyW 


20.0 
3.0 




11.11 

1.67 




16.63 

2-49 


S»m'd.p 
Sttbtraiftd 




2.03 


53-« 
2.03 




127-43 







51.40 


l>p. 


■ 27.43 



Then by Prob. i. Find the DifF. of Lat. an4 Dep. for each fe- 
veral Courfe and Diftance, ^hich place in their proper Columns} 
that is, if Ac Courfe be North Eafterly, place the Difference of 
Latitude in the North Column under N. and the Departure in 

the Eail Column under E. If the Couri> be N. Wcfteriy, place 
the DiiTercnce of Latitude in the N. Culumn under N. ajid th« 
Departure in the Weft Column under W. 

If the Course be South Eaftwiy, pljicc the DifF, of Lat. I'n th^ 
' " ' ->-■-- ,j^j Y^^^ Column under E, 

eDifF. ofLat. in 
', Colu;nn, 

As 
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As for Inftance, in the foregoing Table ; the firft Conrfe is 
WSW. the Difbnce io6.6m. which is parted into direc. FaitSt 
viz. loo and 6 and .2; and the Conxfe being S.lVcAeitk,"! 
place the DifFerence of Latitude ri.78.27 under S. and chc'Dqk 
m.92.39 under W. The like IMo ror the Diftance 6^ and aUb 
for .2, as is done for the Di^ce 100. .The feccmd Cgur^ ia. 
W. by N. the Diftance 1 0.4, which is alfo lodced out mt Cwioe;' 
^nd the DiflT. of Lat. 1.95, I place undef N. and the Departukc 
^.81 under W. the like youmuftdofor die reft. 

Thus having found the DifFerence of Lat. and D^urture |br 
all the 0)urfes, and inferted their feveral Diffl of Lit. vttnArJifi^. 
partures in their proper ColuihiisV Che liext thing is^ to add up 
the N.E.S. and W. Columns^ and fet thdr ^Mcnsuiidamcadi. 

Then fubtrac^ the North and South Columns, the left from 
the greater \ and likewife the £. and W. Columns. 

As in the foregoing Table, the Sum of N. Column is 2.03* at 
the S. 53.43, otthe E. Column 0,00, and of the W. CoTiuiui 
127.43 : And fubtradin^ the N. Column from the S* the Re- 
mainder is 51.40, the DifFerence of Latitude Southed/. 

And fubtrading the £. Column from the W. the Remainder is' 
127.43 the Departure Weftcrly. 

Now having the DifFerence of Latitude and Departure, yo|i 
may find the Courfe and Diilance by Chapter 3, SeAi(m 3, Pzob* 
Icm 6, of Plane Sailing, in Page 63. 

By which you will find the Courfe to be W. S. W. and the 
Diftance 137 Minutes nearly, as you may fee in the Journal for 
the firft Day thereof, in Pages 274, 275, 288, and 289. 

CHAPTER IIL The Ufe of the Table of Meridionsa 

Parts, beginning in Page 308. 

TTHIS Table (heweth the Meridional Parts for every Minute of 
^ Latitude ; and is thus to be underftood. 

In the firft Column towards the Left-hand (of each Page} ave 
the Degrees of Latitude from 1 to 89 Degrees: In the next fix 
Columns arc the Meridional Parts for every five Minutes of LaU 
anfwerine to the Degrees in the firft Column ; which on the 
Left-hand Page arc diftineuifhed with | o/ti | 5m I loai I 15M I 



7,0m I 2510 
40m I 45ffi 



and on the Right-hand Page, with I 30pi \ 3591 1 



Jom I 55;;! I at the Head of the TaVle, 
'ol umn of each Page towards the Rjgbt-hand is tke 
DifFerence in Meridional Parts, to every iive Miiiutcfof L^^hityde; 
bv the Helo of which, and the foUowmg TaUe of P^qpsiiitiiQPM 
Parts, the Meridional Parts to every Minuteof {^otitude.quif . be 
ndjufted, 

Prqk>fition 
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Prop. ri. TofindtheMerid. Partstoeverys Mm. of Latitude. 

Ekama. i. Sappofe the Latitude of 13d, lonu be given; to 
find the McriJianaT Parts belonging to it? 

Right againll 13d. inthefii-ft Column of Paje 308, and undcir 
lom. (at the Head of the Table) in the 4th Column, you wtU 
find the Meridional Parts 10 be 7^7 Minutes. 

£xBinp. 2. Adinic you were to find the Meridional Parts an* 
fwering to the Latitude sod. iQm. ? 

Right againlt 50d. in the firft Column in Pan 310, and under 
lom. (at the Head of the Tabic) in the 4th CoTumn, you will 
find 3490, which are the Meridional Parts required. 

Chap. IT. The lib of the Table of Proj. rtional Parts, next 

felJowing the Table of Meridional Parts, in Pnge 3(4. 
'T' H E Ufe of this Table, i« to find the Meridional Parts to 
* every Minute of Latitude. 
Prop. 13. To find the Merid. Parts for every Minute of Latitude. 

Example i. Suppofe it w:^ required to find the Meridional 
Parti for the Latitude zid. 't^m. i 

Firft, Find the Meridional Parts fer the Latitude 2id. aom. 
(20m. being the next even 5, Icfsthan 23m ) which you will find 
in Page 30S, to be 1 31 1; andright^inlt 2id. in thelaftColumn 
(noted with the Dinerence at die Head of the Table) you will 
find 5. 

Secondly, With this Difference j, go to the .Table of Propor- 
tional Parts, in Page 314, andIoolc5 (in the firtt Column thereof) 
under D, which (lands for Difference, and bccaufc 23^1. is 3 more 
than 20, loolc under 3 at the Head of the Fourth Column ; So 
then right againft 5 in the firft Column, and right under 3, you 
will find 3, which add to i3ii,;and it makes 1314 Minutes,. the 
Meridional Parts for the Latitude lid, 23m. reijuired, . 

Examine 2. Let it be reauited to find the Meridional Parts 
anfwering to the Latitude 510. 49m.-f 

The next lefs than 49m. is 45m. therefore find the Meridional 
Parts for jid. 4sm. which is 3641, and right againft jid. in 
the Column of DiAerence it 8. 

Now 49m. is 4m, above 45ib< Thereforcin the Table of Pro- 
portional Parts right a»sinft 8, and under 4, you writ find the 
Proportional Parts to be 6 s which idd U> 364J, .-tiikei fj.^.j 
Min. the \lcrid. Parts fortbe Lat. %tS, Mm. required. 

And thus mud tCBaKMmity ^ a<J|g)(rTBMM^ tnd for 
this Difcourfr, " 
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The Minutes of each Degree. 
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29 


1819 


1825 


_ 


1837 


1842 
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The Minutes of each 


Degree. 


■ 


H 


Deg 










S 

















• 


• 
• 




30m. 


35«^ 


40m.- 


45m 


50m. 


SSm. 


1 

8 




The Meridional Partb, 




30 


35 


40 45 


. 50 


" 55 


I 


90 


« 95 


100 


105 


110 


lis 




2 


150 


«55 


160 


165 


170 


^75 




3 


210 


215 


220 


225 


230 


23s 




4 
5 


270 


*75 


28« 


285 


290 


'95 


— 


330 


335 


34« 


346 


351 


■ 356 


6 


391 


396 


401 


40^ 


4" 


426 




7 


451 


456 


461 


466 


471 


476 




8 


512 


517 


522 


527 


53* 


537 




9 
10 


573 


. S7^ 


. 583 


588 


593 
654 


598 




634. 


639 


644 


649 


659 


II 


695 


700 


70^ 


710 


715 


720 




12 


756 


761 


766 


771 


776 


782 


C 


'3 


818 


823 


828 


853 


838 


843 




H 
'5 


880 
942 


885 


890 


895 


.900 


[ 905 




947 


952 


957 


962 


968 


16 


1004 


1009 


X014 


1020 


1025 ' 


1030 




17 


1067 


1072 


1077 


1082 


1088 


1093^ 




18 


1130 


1135 


1 140 


1146 


1151 


1156 




'1 

20 


1 193 


1199 


1204 


1209 


1214 
1278 


ia20 


— 


, >257 


1262 


it68 


. "73 


1284 


21 


13»» 


13^7 


1332 


1338 


1343 


•348 




22 


ls^6 


1392 


^397 


140? 


1408 


141 3 




23 


1451 


H57 


1462 


1468 


»473 


»479 


6 


*4 
*5 


1517 


1^22 


1528 


«533 


>539 


»S44 
t6ii 


6 
"6 


I5«3 


1589 


1594 


1600 


1605 


26 


1650 


1656 


16^1 


. 1667 


i67« 


1678 


6 


*7 


1717 


»723 


i7«9 


>734 


1740 


»746 1 


28 


1785 


179 1 


.1797 


l£02 


1808 


»««f i 


29 


1854 


i860 


1865 


187I 


1877 

1 


i88| 


1 
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< 
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The Minutes of each Degree. 


• 


^ 


om. 


5m. 


loxn. 15111. 


2oni. 


25m. 






The Meridional Parts, 
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• 



n 



30 

3' 

3^ 
33 

34 

35 
36 

37 
38 
39 



40 

4> 
42 

43 
4« 

47 

48 

49 



50 

5» 
52 
53 
5+ 

55 

St. 

57 
58 
59 



i»p» r 



838 
1938 
2070 
zioo 
1x71 

>244 
2313 

>393 
H^8 

»54$ 

2623 

2702 
2782 
2863 
^946 

3^30 
3116 

3203 
3292 

3382 



3474 

3569 
3665 

37'^^ 
38' s 

3968 

4074 
4183 

4^4 
44Q9 



1894 

1964 
2034 
2105 

2177 




A Table of Meridional Parts. 
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1 
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• The Minutes of each Degree. 


• 











, 






o 

. pa 

• 

V 

30 


30iir. 


35m. 

i 


4ODI 


45m. 

■ 


.5OI&. 


5Sm. 


• 

6 


Tbe Meridional Pares. 


1923 


1929 1935 1941 


1946 


1952 


3« 


>993 


. >999 


2005 


201 1 


201 7 

2088 


2022 


6 


32 


2064 


2070 


2076 


2082 


2094 


6 


33 


2135 


2141 


2147 


2153 


2159 


2165 


6 


34 
35 


2208 


2214 


2220 


2226 


2232 


2238 


6 
6 


2281 


2287 


2293 


2299 


2306 


2312 


36 


2355 


2361 


2368 


2374 


2380 


2386 


6 


37 


2430 


«437 


*443 


2449 


2456 


2462 


6 


38 


2$o6 


2513 


-2519 


2526 


2532 


2538 


6 


39 
4^ 


2584 


2590 


^597 


2603 


2610 


2616 


6 
6 


2662 


2669 


2675 


2682 


.2688 


2695 


4" 


2742 


2748 


*755 


2762 


2768 


«775 


-7 


42 


2822 


. 28*9 


2836 


2843 


2849 


2856 


7 


43 


2904 


291 1 


2918 


.2925 


2932 


2939 


7 


. 44 
45 


2988 

5073 


.2995 


3002 


3009 


3016 


3023 


7 
7 


, 3080 


3086 


3094 


■ 3IOI 


3108 


4^ 


3»59 


3166 


3«73 


3181 


3I&8 


3195 


7 


47 


*3^47 


3*54 


3262 


3269 


3*77 


3284 


8 


48 


3337 


3344 


3S5« 


3359 


3367 


3374 


8 


49 


34«8 


3736 


3443 


34S« 


3459 


3467 


8 
8 


>o 


352« 


3.5 »9 


S«7 


• 3545 


3553 


3561 


5" 


3^J7 


5625 


3653 


3641 


3649 


3657 


8^ 


52 


3714 


3722 


875" 


3719 


3747 


3755 


8 


53 


3814 
3916 


3822 


•3831 


• 3839 


3848 


3856 


8 


34 

1 


39*5 


3933 


394* 


3951 


3959 


8 


4021 


4029 


■ ^38 


.4047 


•4056 


4065 


9 


■ $6 


4128 


4«37 


.4146 


4155 


4164 


. 4"73 » « 


57 


4*38 


4«47 
4361 


4«57 


' -4266 


'4«7S 


4S( 


58 


435 > 


4370 


4380 


4390 


i 


59 


.4468 


•'44r8 


4488 


4497 


45«7 


. ..' 
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The Minutes of each Degree. 


om. 


5m. 


lonl^ 

* 


ism^ 


2cm. 


aym. 




The Meridional Parts. 




4527 


4537 


4547 


^IV 


4568 


4578 


61 


46 9 


4660 


4670 


4680 


4691 


4701 


6z 


477 ^ 


4786 


4796 


4807 


4818 


4829 


6j 


4905 


4916 


4927 


4938 


4949 


4900 


6+ 
65 


5039 


S051 


5062 


5074 


SC85 


S097 
5238 


5^79 


5191 


5203 


5214 


5226 


66 


53H 


5336 


5348 


5361 


5373 


- 538$ 


^7 


. 5474 


5487 


5SOO 


S5«3 


5526 


5539 


68 


.5631 


5644 


5658 


5671 


5685 


5698 


69 
70 


5795 
5q66 


5809 


5823 


5837 


5851 
6025 


5865 
6040 


5981 


59^5 


6010 


71 


6146 


6161 


6177 


^192 


6208 


6223 


72 


6335 


6^51 


6367 


6384 


^406 


6417 


73 


6534 


6$^2 


6569 


6586 


6603 


6621 


74 

?5 


6746 


• 6764 


6782 


6801 


6819 


6838 


6970 


6990 


7009 


' 7029 


7048 


7068 


76 


7210 


7V^ 


7252 


7273 


.7*94 


73>5 


77 


7467 


749D 


7512 


7535 


7557 


7580 


78 


774"^ 


7769 


7793 


7817 


7842 


7S67 


79 
Bo 


BQ46 


8072 


8P99 


8125 


8152 


&179 


8375 


^404 


84.r3 


^463 


8492 


8522 


181 


8739 


8771 


8803 


8836 


8869 


8903 


82 


91+5 


9182 


92^8 


9«55 


' 9492 


9330 


«3 


9606 


9647 


96r89 


9731 


9774 


9817 


84 
!5 


101.37 


10185 
10822 


10234 


l«l«3 


10334 


10385 


X07OS 


1088 1 


10941 


11002 


11064 ' 


fi6 


"533 


11605 


11679 


"7S5 


*t8j« 


. II9II 


«7 


12Sa2 


12619 


42719 


tt&t\ 


*«9»7 


13036 


S8 


13916 


14063 

16590 


u^ifi 


14376 


HW3 


147JO 


89. 


i6|oo 


16926 


1 


■ 


1^153 

■ ■ 



C3 



o 

[O 

I 

I 

2 



,2 

3 
3 

4 

5 

5 
6 

7 

20 
21 

23 
*5 

*7 

30 
33 
37 
43 
5' 

el 

77 
109 
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H 
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jThe Minutes of each Degree. 


* • 


H 

sr 

9 



30m. 


35111. 


40m 


45m. 


50tn. 


55in. 

• 




• 




« 
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The Meridional Parts. 




10 


4588 


4598 


1 

4608 46 1 8 


4629 


4639 


61 


4712 


4722 


4733 


4743 


4754 


4764 . 10 


62 


4839 


4850 


4861 


4872 


4883 


4^94 11 


63 


4972 


4983 


4994 


500? 


5017 


5028 


U 


64 
6l 


.5108. 
5750 


•5120 


5132 


5>43 

5287 


5155 


5167 


12 

■ ^^ 

12 


5263 


5275 


5299 


53" 


66 


5398 


5411 


5423 


5436 


5H9' 


.5461 


«3 


67 


55S2 


5565 


5578 


559» 


5604 


5617 


>3 


68 


5712 


5725 


5739 


5753 


5767 


5781 


H 


69 

70 


5879 


5894 


590b 


5922 


5937 


5951 
6130 


•5 


6.55 


6070 


6085 


6100 


• 

6115 


71 


62.9 


6255 


6271 


6287 


6303 


6519 


16 


72 


6433 


645Q 


6467 


6*483 


' 6500 


6517 J17 


73 


6639 


6656 


6674 


6692 


'6710 


6728 18 


74 
75 


6836 
7088 


687s 


6894 


6913 


6932 


695 ». 


>9 


7108 


7I28r 


7'49 


7169- 


7.189 


20 


76 


7336 


7358 


7379 


7401 


7423 


7445 
772« 


22 


77 


7603 


7626 


7650 


7673 


7697 


24 


7§ 


7992 


7917 


7942 


7968 


7994 


8020 


26 


79 


8207 


8234 


8262 


8290 


8318 


8347 


28 
3> 


80 


l^^l 


8583 


8614 


8644 


8676 


■8707 


81 > 


8936 


V 8970 


9005 


9039 


9074 


• 9"o 


36 


82: 


9368 


9407 


9445 


9485 


9525 


9565 


4P 


«3 


<^6i 


. (^06 


995* 


9996 


10043 


10089 


46 


84 


«0437 


' 10489 


10542' 


. 10597 


10652 


10707 


55 


85 


11127 


II 192 


11457 


113^4 


11392 


11462 


68 


86 


1 1992 


• t2075 


1Z160 


12247 


12336 


12428 


89 


87 


13149 


13266 


13386 


13511 


13641 


13776 




8S 


14906 


15102 


15311 


15532 


15770 


16024 




89 


18683 


■T9309 ' 210676 


21065 


22459 


.24842 
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D 


1 


2 


3 


4 




D. 


1 


2 


3 


4 


? 


1 


2 


3 


4 




as 


5 


10 


>.s 


20 


6 


1 


2 


3 


S 




26 


■; 


10 


16 


21 


7 


1 


3 


4 


6 




»7 


s 


1 1 


16 


22 


8 


2 


3 


■; 


6 




28 


611 


'7 


22 


9 


.2 


4 




7 




3° 


612 


18 


2+ 


lo 


2 


4 


b 




3' 


6;.2 


>9 


-5 


1 1 


2 


4 


7 9 




33 


7^.3 


20 


26 


12 


3 


S 


710 




35 


7.4 


21 


28 


'3 


3 


5 


bio 




37 


7,'5 


22 


3° 


• 4 


3 


6 


3/1 




40 


816 


24 


3 = 


t^ 


3 


b 


C)I2 




42 


8.7 


2S 


34 


|6 

'7 


3 
3 


b 
7 


10 

10 


■3 




46 
50 


9 


18 


28 


37 

40 


20 


3° 


.a 


4 


T 


II 


M 




'JS 


J 1 


22 


33 


44 


'9 


4 


8 


1 1 


'J 




61 


12 


24 


37 


49 


20 


4 


i- 


r2 


16 




68 


M 


27 


41 


?4 


21 


4 


S 


!3 


■7 




76 


1 1; 


30 


46 


61 


22 


4 


9 


= 3 


18 




88 


18 


35 


S3 


7° 


2^ 


? 


9 


>4 


i3 




105 


2 


63 


63 


a 


^^5 


JO 


J4 


12. 




"S 


^ 


_6g 


^ 
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ATABLE of LOGARITHMS 


For Numbers mcrcafing in their Natural Order, 


trom an Unit lo 10,000. 


With a Table of Artificial Simes, Tangents, and 


Secants, the Radius 10,000000 ; and ro every 


Degree and Minute of the ^adrant. 


N. 


I ogar. 




N. 


Lo^ar. 




N. 


Lngar. 




6.000000 




'■S3'+79 




67 


1.826075 




301030 






1,544068 




68 


1-832509 




0477m 






1.556302 




69 


1.838849 




0,601060 






I 568202 




70 


1.845098 




698970 






1 5-9784 




7' 


1.85.258 




0.778 s. 






1 591065 




-ZL 


■-857332 




84;o9B 






i,6ozo6o 




73 


1.863323 




0.903090 






1.612784 




74 


1,869232 




954-142 






1-623249 




75 


1,875061 










i,63346<t 




76 


1,880814 




1041393 






1.643451 




77 


. 886491 




1.079181 






1.653212 




78 


1.892095 




1 113943 


"S" 


..662758 


79 


1.857627 




1.146(18 






1.67209a 




80 


1 903090 




1.176091 






1.681241 




81 


1 9084B5 




1 204120 




1 690196 




82 


1913814 




1.230449 






1.69S970 




83 


I 919078 




1.2SS27^ 






1.707570 




84 


1,924279 


^ 


1.278754 






..716003 




85 
86 


1.029419 




1.301^030 




1.714176 


1.93449s 




1.322219 






'■732394 




87 


1.939519 




1.342423 






1,740363 




83 


I 9444S3 




1.361728 






1. 7481 83 




89 


1.949390 




.,380211 






'•755875 




90 


1.954242 




1 397940 






1.763428 




9' 


1.959041 




1 414973 




59 


1.770852 




9^ 
93 


1-963788 




1.431364 
1.447158 




'■?78iS' 


I 968483 








1.785330 




9+ 


i.973'28 




1 46^398 






1.792392 




95 


".977724 




1.477121 






..799340 




96 


198227. 




1.491362 






t,8o6i3o 




97 


1,986772 




1,505150 




^5 


1.812913 




98 


• 991226 




1.518514 




66 


1.819544 




99 


1.995635 
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A Table of Logarithms, 




N» 





r 


2 


3 4 


Dif 




I.OCOOCO 


-000434 


l.CooKOH 


LOOIJOI 1.001734 


+3' 




ICI 


z.co4jai 


2.0047SI 


2,005 i£o 


l,oojto9i2.oo6o3B 


4.8 




ICZ 


1 ccHi,-co 


2.CO.y~.t 


2.009451 


2,00^876 


2.010.300 


4*4 




103 


..0.1857 


..0.3256 


I.0136S0 


1.0.4100 


1.014520 


419 




>ci 


10,7033 


2.0174,-1 


2,017868 


2.018284 


1 018700 


4.6 




ics 


^.02:189 


2.0216:3 


1.022016 


2.022428 


2.022841 


4)2 




IW 


-'-cn5ct 


2.0!5:lj 


2. 026114J1. 02^533 


1.02694^ 


+c8 






2..29.e4 


j,o;97E9 


1.030195 


1 030:00 


2,031004 


4=4 




ICb 


I033^^4 


2033826 


2 034227 


2.034 62S 


2 OJ50I9 


40. 




_IC<, 




..o.-.;K25 


2.038223 


2,03^620 


2039017 


39D 
393 




=.0^.787 


2.C4218Z 


2.04AS75 


104296.; 




111 


^-i1-,ii 


2.045714 


2.046105 


2,04649 s 


2.046885 


i'-'. 




III 


■;.o-9sni 


1.041,606 


2,049993 


2.05038W 


2.050760 


}6^ 




"; 


2.. ;3C7S 


2.053461 


2.053846 


5.054130 


1.054611 


382 




'M 


'.CJd^CJ 


J,0i-2E6 


2.057660 


1.05 (,046 


2.050426 


3:9 






i.c6. (ji^ti 


2,0t1O7J 


2.001452 


i.oi.i8i9 


1.061206 


3,-6 




11 ■. 


*.c6^+ifi 


2,0^483/ 


2.065206 


i. 0655 Ho 


a.065953 


372 




'•' 


LcfjjllBf, 


1.068557 


2.o68va8 


2.069298 


2.o6;&b8 


369 




iiS 


2.o;iSBi 


1,072250 


1.072617 


1-072085 


».orj3s2 


36C. 




llg 


^■'^7)5''r 


).c-S9i2 


2.076276 


2,076640 


2.077004 


363 




"HT 


J. 079181 
2.ufl2;Rj 


2.070543 


2079904 


2.cao:')6 


2.0nO,^2'.l 360 




1,0s ^144 


2.083503 


2 083861 


2.0(14219: 357 




III 


2 CS63C-0 


1,086716 


2.C87071 


2.C87416 


a.087781 


Hi 




'•i 


z 089^0.; 


2,090258 


209061 1 


2.090963 


1,0.1315 


35' 






!.C9)42I 


2.053772 2.094122 


1.094471 


1.094810 


34^ 




IS^ 


i.C|,6eic 


2.C972S7; 2.0^7604 


2.09795. 


1.09H297 


346 




1:6 


2. i 00370 


2.I;C7!5 


1.101059 


2.101403 


1 101747 


343 




"7 


2.rc3804 


1.104145 


z. 104487 


1,104828 


2.105169 


340 




ij8 


:,to-210 


2.IC7549 


2.1078S8 


2.10S227 


1.10856; 


.3S 




'I* 


2.110550 


2.1 IC';l6 


2. 111161 


J.11.593 


2.111934 


335 




I,C! 


^■"390 


2.1.4277 


1.114611 


1.1.4944 


2,ii;278 


333 




'J' 

'3^ 


!. 117271 


2.nrf.03 


;. 1.7934 


2,118265 


1.118595 


330 




*.l 20574 


2.120933 


1.2.1231 


j..2i,6o 


1. 121888 


J28 




'33 


^■'^33^^ 


2.. 24178 


1.114504 


..114830 


1.125.56 


3"S 




•?1 


1.12710S 


2.127429 


i.ii?7Si 


1.128076 


1.118399 


5»3 




'^1 


»-«3<^3>4 


2..3065J 


1.130977 


1.131198 


2.1 11619 


321 




136 


1.131519 


2.1339JB 


!■ '34177 


^..34496 


J.134B14 


3'" 




*H 


2..?672> 


2.137037 


i'J73S4 


J.i3?e70 


J137987 
». 141 136 


3>5 




•3« 


I.IJ9S79 


2.1 43194 


1.140508 


?. 1408 12 


3'4 




'49 


2.14701^ 


2.I43J27 


2143639 


?.i+39;i 


1.14426) 


31 > 




No 


2.I4612S 


J.i4fM38 


1.14^748 


?. 1 47058 


2.147367 


309 




N< 


2.14;il, 


2.1495*7 


1,149835 


?.IS0142 


>iSO*4? 


307 




143 


2.152283 


»-'S'S9t 


2.isi90« 


t.lJJlOJ 


«-i53J'o 


305 





from 1 to loooo. 



( 3«7 ) 



NQ 



f 



[OO 

ot 

I02 

03 

104 

05 
06 

08 

31 
10 

II 

12 

«3 

H 

»5 
16 

«7 

18 

»9 

20 



oo.«i6^ 



2 
2 
2 
2 

2 
2 
2 
2 
2 



2 
2. 
2 
2 



21 
22 

123 

24 

25 
26 

27I2 

28 

29 

li 

3* 

34 
3^ 

36 

J7 
38 

39 
40 

4« 

'4? 



2 
2 
2. 
-2 
2 
2 
2 
2 
2 
2 
2. 



006466 
010724 

01 4940 

OI9II6 
023252 

027350 
031408 
035430 

03941^4 



043362 

047*75 
051152 

054996 

058805 

062582 

066326 

070038 

0737«8 
077368 
080987 



084576 
088136 
091667 
095169 
.^^98644 
02090 
05510 
08903 
12270 
15610 
18926 



22216 

25481 
78722 

31039 

35^33 
383.03 

4HSO 

47^79 
50756 
S381S 



6 



1 



2.00259<f 

2.006894 
2.01 II47 
2.015360 

2.019532 j 

2.023644 

2.027757 

2 0*31812 

».o35830 
2.03981 1 

2-H375S 
2.047664 

2.051538 

2.055378 

2.059185 

2.062958 

2.066699 

2.070407 

2.074085 

2.077731 

2,081347 



003029 



2.084934 
2.088490 
2.092018 
2.095518 
2.098990 
2.102434 
2.105851 
.2 109241 
2.112605 
2.115943 
2.11Q256 



2.122543 
2.125806 
2,129045 
2 132260 
I2. 13545 1 
'r.i 38618 
2.14L763 
2.144885 
a.1.47985 
2.15 1063 
2.154*19 



*««■ 



007321 
01 1570 
015779 
019947 
024075 
028164 
032216 
036229 
040207 



044148 
048053 
051924 
0557.60 
059563 
063333 
067071 
070776 
074451 
078094 
08 1 707 



085291 

088845 

092370 

095866 

09933c 

102777 
106191 

109578 

1 1 2940 

1 16276 

119786 



2.12287 1 
2.126131 
2.129368 
2.132580 
2.13576s 
2.138934 
2.142076 
2.14^196 
2.148294 
151370 

* '54424 



8 



2.003407 
2.007748 
2.01 1993 
2.01619B 
2.020361 

2.02448& 
2.028571 
2.032619 
2.036629 
2.040602 



2,0445^0 
2.048442 
2.052309 
2.056142 
2.059942 
2.063709 
2.067443 
2.071145 
2.074816 
2.078457 
2 0820&7 

2.C85O47 
2 089198 
2 o.;272i 
2.096215 
2.099681 
2.1031 19 
2.106531 

2.IC9916 
211327; 
2.li66:>8 
2119 ^15 

2.12^198 
2.126456 
2.129690 
2.132900 
2. 1 3608& 
2.139249 
2.142389 
2.145507 
2.148063 
2-151676 

2«547*8 



- mm 

2 
Z 

2 
2 
2 
2 
2 



003091 

008174 

OI24I5 

016615 

020775 

024896 

028978 

033021 

037028 

040998 



[oif 



43* 
428 

416 

4»* 
408 
404 
400 

593 
3S9 

056524] jis 

o^^i^o\ 37« 
064083 
0^7814, 

071514 369 

075182 566 

070819 353 

0824211 a6o 



Q44';3i 
048830 

05 2694 



o.SC)OJ4 357 

3H 
?5« 
3*9 



376 
j7* 



0^^9:52 
o9;o-i 
096^6* 
.ooc3*^-j 34f> 

103462 ?4.; 

106870 
110253 



1 16940 
L2024; 



123525 
1 2678 1 
130012 
133219 

«3H53 

IJ9564 

142702 

145818 
I489II 

151982} 
2.155032 



343 
540 
?>8 

33S 
333 

;3Q 

3z8 

3*5 
322 

320 

3*5 

3»3 
311 

309 

306 

303 



* 



( }i8 ) A Table of Logarkhms^ 1 


»43 
'41 
'♦) 

14b 
'+7 

'49 

'S' 

'iJ 
'S+ 

'S? 

IJO 

'57 
'S8 
.69 
160 
161 
162 
163 

'a* 
16; 

166 

16; 

168 

'79 

171. 
'73 

21* 

'7i 
.76 
'77 
.7a 
•79 
180 
i8i 
iS) 
ISJ 
184 
■8S 


' 1 ■. 


2 


3 1 4 


Dif 


:.l6ij68 
i.i6t3;3 
».i67jt7 

2.170262 
...75116 
2. 171109 1 
2.173977 

2.1lJH(4+ 


I 


1SS640 
.58664 
ID1667 
104650 
167613 
'7'=iS5 
'73478 
.763^. 
179264 


>'SS9+3 

2.161967 
i.i6«+7 
2.167,^08 
2.170848 
1.173768 
2-170670 
1.179552 
2..81 + 15 


1.156240 
1 .59106 
a.iui266 
2165244 
2.168203 
2.t7ii4i 
2.17+060 
2.176959 
2.179839 
2.1H2700 


2.156549 

2.159567 
1.161564 
^,-i<SS+' 

2.168+97 
217143+ 

»-'74iS' 
2.1772+8 
2.1S0126 
J.i8298( 


!03 
301 
"99 
■97 

29) 

'9! 

2*7 
2«S 

2li 

7> 
276 

274 
272 

267 
266 


i..«4(,9i 
2.1B7S21 

2..90JJ2 

2.11,312; 

2.101397 
z. 204130 


1 


1B497S 

i87tlOj 
190611 
193403 
I9t)i76 
198932 
201670 
204391 
207095 
2097 8 J 
212+54 


2.185259 
z.i8;joiJ4 
2.190892 

\:.IC 

2.199206 
2.2019+3 
2.204662 
2.207365 
2.210051 
2.212720 


2.1855+2 
2.188366 
2.191171 
z.i9395y 
2.196729 
2,199+81 
2 202216 
2.10493 J 
2.207O34 
2.210318 
2.212986 
2.215638 
2.2.B273 
2.220892 
2.223+96 
2.126084 
2.228657 
2,2312.5 
^ ^33757 
2-2362S5 
2.238799 
2.2+120 


2.185,25 
2.18^6+7 
2.191451 
2.19+237 
2.197005 
2.19975; 
2,202486 
2.205204 
2,207903 
2,210586 
2.213252 


i.2l4iit + 

2.117+8+ 

2.220IC8 
2.2227.6 
2.225309 

*,227aB7 
2 230,4; 
1.222996 

2.2J,S28 

2 2jao46 
2.24^Stg 




215109 

2'7717 
213370 
222976 
225568 
228144 
23070+ 

2J3^JO 

23578. 

238297 

i+-7gq 


2.Z1SJ73 
2.1 18010 
2.220631 
2223236 
2.225826 

2.22S+00 
2.230;6o 
2.23350+ 
2.2J60J3 
2.2385+8 
2.24.048 


2.21590a 
2.2,8535 
2.22.153 

2.22|7« 
2.2J6342 
2.228911 
2.231+70 
223+011 

2.229049 
2.241546 


262 
261 
'S9 
258 
236 
■St 
■!! 
■!■ 
250 

■« 


l.Z + JOJli 

* H)S<3 
^*47973 

Z.2SO+20 
2.IJ28SJ 

I.25S272 

1.257679 
2.I6007I 

a.i6HP 
£.264818 
7.267172 


22+3206 
2.24S7S9 
2,248219 
2.250664 
2,zs3096 

».*>SS'+ 
2,257918 
2,260310 
2,162688 
2,26505* 
2,167406 


»»43S34 
2.246006 
2.2+8+62 
2.250908 
2.253338 

2 26o5t8 
..=6292; 


2.2+3782 
2.2+6252 
2.2+8709 
i.istiS' 
a.253580 
2.155996 
2.258398 
2.260787 
2.26316X 
2.26SS1S 
2.2678^1 


2.244030 
2.2+6499 
2.248954 
2.251395 
2.153821 
2.156*37 
2. a? 8637 
2.261025 


■ «6 
»4S 
■43 
■42 
»*■ 

■'' 
«3« 
«J> 
•3i 
•!4 





from I to loooo. ( 3'9 ) I 




INJQ 

>4J 

M4 

•4S 
146 

• 47 
148 

149 

«$' 
'S* 

'53 
>S4 

156 

'57 
.58 

":9 
160 

161 

162 

163 

164 
165 
166 
.67 
168 
169 
170 

'7« 

172 

'73 
'74 

'75 

176 

^77 
178 

179 

180 
181 
182 
183 

184 

185 


. 5 


6 


7 


8 


9 


Dif 

302 

301 

299 

297 

«95 
29J 

291 

289 

287 

28! 
z8i> 

«79 
278 

276 

»74 

272 

269 
267 

26 '» 

264 
262 
261 

259 
256 

256 

*53 
251 

250 
249 

248 

246 

245 

243 
242 

i4i 

239 
238 

237 

23s 
234 


• 


2.156852 

2.1 598^8 

2.1^863 

2.165838 

2.168792 

2.171726 

2.I7464I 

2.177536 

2. 1804 1 3 

2.183270 


a.'57'54 
2,160168 

2,163161 

2.166134 

2.169086 

2.172019 

2.174932 

2.177825 

2.180699 

2.183554 


V'57457 
2.160468 

2.163460 

2.166430 

2.169380 

2.172311 

2.175222 

2.178113 

2.1809S6 

2.183839 


2-'57759 
2.160769 

2.163757 

2.166726 

2.i6q6-4 

2.172603 

2.i755ii 

2.178401 

2.181272 

2. 18412^ 


2.158061 
2.161068 
2.164055 
2 1^7022 
2.169968 
2 172895 
2.175802 
2.178689 
2 181558 
2 184407 




2.186108 

2.188929 

2.191730 

2.194514 

2.I97281 

2.200029 

2.202761 

2.205475 

2.208172 

2.210853 

2 2nqi8 


2.186391 
2.189209 
2.192010 
2.194792 
2.197556 
2.200303 
2.203033 
2.20?745 
2.208441 

2.21It20 

2.213783 


2 186674 
2. 1 89490 
2.192289 
2.195069 
2.197832 
2.IC0577 
2 203305 
2.206016 
2 2087x0 
2.211388 
2 214049 


2.186950 
2.189771 
2.192567 
2.195346 
2.198107 
2.200850 
2.203,-77 
2.206286 
2.208978 
2.211654 
2 214314 


2.107239 
2.190051 
2.192846 
2.195623 
2.198382 
2 201124 
2.203848 
2.206556 
2. 20924 7 
2.211921 

2.2I4?79 




a. 216166 
2.218798 
2.221414 
2.224CI5 
2.226600 
2 229170 
2.231724 
1.234264 
2.23^89 
2.239299 
2.241795 


2.216430 
2.219060 
2.221675 
2,224274 
2.226858 
2.229426 
2.231979 
2.234517 
2.237041 
2.239550 
2.242044 


2.216694 
2.219322 
2.221936 
2.224533 
2.227115 
2 229682 
2232233 
2.234770 
2 ^37292 
2.239800 
2.242291 


2.216957 
2.219584 
2.222196 
2.224792 

2.227372 
2.229938 
2.23248^ 
2.235023 
2.237544 

2.240050 
2.242^41 


2.217221 
2.219846 
2.222456 
2 22^051 

2227630 
2.230193 
2.232742 
2 235276 

2 237795 
2.240300 

2.242790 




2.244277 
2.24674J 

2.24919' 

2.251638 

2.254064 

2.256477 

2.258877 

2.261 263 

2.263636 

2.265996 

2.268344 


2.244524 
2 246991 
2.249443 
2.251881 
2.254306 
2.256718 
2.259116 
2.261501 
2.263873 
9.266232 
2.268578 


2.244772' 
2.247236 
2.249687 
2.252125 
2.25454*? 
2.256958 

2a59355 
2.261738 

2.264109 

2 269467 

2.z688i2 


2.245019 
2.247482' 
2.249932 
2.252367 
2.254790 
2.257198 
2.259594 

2.261976 
2.264345 

2.266762 
2.269046 


2.245266 
2.247728 
2.250176 
2.252610 
2255031 
2.257439 
2.259833 
2.262214 
2.264582 
2.266937 
2.260279 

• 



(' 380 J A Tabic of Logarithms, 


186 

187 

iSH 
,89 
190 
191 
191 
'93 





I 2 


3 


4 


Di£ 


1-26^5.3 
2.^7*842 

2,«74ij8 

1.27(1402 
2.27S7J4 
2.281033 

2.8330, 
2.185957 
3.287802 
2.2gaoji; 


2.26974b 
2.273074 

J.274389 
2.^76^91 

2.278982 

2. 231261 

2.283527 
2 285782 
2.288025 
2.I9OI57 


z 269980 

2.174626 
2..76921 

2.279210 
2.2S1488 
2.283753 
2.286007 
2 2B8249 
2.290480 


1.270213 
2.272538 
2.174850 

z,277i;i 
1.279439 
2.2S171J 
2.283979 
2.2862J1 
1.288473 
1-290702 


1.170446 
1.171770 
1.17508, 
1.177380 
1.179667 
1.181941 
1.184103 
1.186456 
1..88696 
1.190913 


"33 
>3« 
'}" 
119 
118 
227 
116 

225 
'23 


196 

''; 

19S 

199 

!OI 
JO? 
103 
JO4 

Jl 

211 
11: 

l\l 

117 
iiU 
219 

211 
IZZ 

*»3 

«7 

2Z8 


2.292256 
2.294466 
2.29666s 
:.!988!3 
2.501030 
*. 303196 

2.307496 
2.305630 
2.311754 
Z.J 13867 


2.29247^ 

*. 2946 87 
2.296884 
2.299071 
2.301247 
2.303412 
2.305566 
2.307710 
2.309^43 
2.311966 
2.JI407K 


2.292699 
1.294907 
2.297104 
2.299239 
2.301464 
2.30362S 
2.305781 
2.307924 
2.310056 
Z.312177 
2.314289 


2292920 
1.195117 
2.297323 

2.299507 
2.301681 
2.303844 

2.305996 

^.311389 

z. 314499 


1.193141 

1-19S347 
i.'97!»i 
1.199715 
1.301898 
1.304059 
1.306110 
1.308351 
1.310481 
1.311600 
i,i„io 


119 
118 

116 

1'3 


1.315970 
2.318063 
2.320145 
2.322219 
2.32+182 
2.316336 
2.323380 
2.5304. + 
2.332438 
»3.M4>4 
2.336460 


I.316180 
23,8272 
2.3 23J54 

2.322426 

2.3;+*88 
.-326541 
2.328583 
2.J30617 
2,332640 
2.334655 
2.356660 


1.316390 
2.318481 
2.320562 
2.322633 
2,324694 
2.326745 
2.328787 
2.330819 
2.332842 
2.334856 
2.336860 


2 320769 

z.3«;839 
23=4899 
!.3j69;o 
I 328091 
..33.0:. 
2-J33C44 
».33;oj6 
1.337060 


1.316809 
i.ji989« 
1.310977 
1.313046 
1.31J105 
=-3i7'S4 
1 319194 
1.331115 
1.333=4' 
■•33S1S7 
1.337160 


109 
108 
107 
106 

20) 
104 
103 
lOl 
201 


2.338456 
3.340+44 
2.342423 

*h6jS3 
1.348305 
J.3S0248 
2.3S2IK2 
2-354>o8 
1.356016 
a3S793S 


2.33. tjb 
2.340642 
2.342620 
2.344i89 
2.346549 
2.348500 
2.350442 
»3S2375 
2.354301 
2356217 
1.358125 


».33H85,- 
2.340840 
2.342817 

*-3M78S 
'■346744 
2.348694 
2.J50636 
2.352568 
MS4493 
2.356408 
1.358316 


»339-i4 
•.34.039 
J.34^01, 

1.346939 
1.S488S9 
1.330819 
1.331761 
1.354684 
1.336399 
1.3S8J06 


13392)3 
2341237 
i.343ii» 
1.345178 
■■347'35 
1.349083 
1.35101J 
■■3!a«4 
1.35487* 

1.358696 


199 
198 

'97 
'96 
'95 
'94 
■93 
■93 
191 
191 
190 



: . / 



from I to loooo. 



( 4W ) 



N' 



I 



186 

187 
188 

l8g 



2.270679 
2.273001 
2.275311 

2*277609 

190 '2.279895 

191 2.282169 

192 2.284431 

193 2.286681 

194 2.288920 

196 '2.293362 

197 j»-«95567 

198 2.297760 

199 ;2.299943 

200 2.3021 14 

201 '2.304275 

202 2.306425 

203 2,308564 

204 2.310693 

205 2.312812 

206 2.314920 



207 2.317018 

208 .2.319106 

209 2.321 184 

210 2.323252 

211 2.325310 

212 ,2.327359 

213 12.329398 

214 12.331427 

215 l*-333447 

216 2.335458 

2'7 2-3374«?9 

218 

219 

220 
221 
222 
223 
224 
225 
220 



227 
228 



2,339451 

2-34"434 
2.343409 

*-345374 
2.347330 

2 349*77 
2.351216 

2.353146 

2.355068 

2.356981 

2.358886 



2.270912 
2.273233 
2.27554» 
2.»77838 
2.280123 
2.282395 
2*284656 
2.286905 
2.289143 
2.29^69 

2.293583 
2.295787 
2.297979 
2.300160 
2,302331 
2.304490 
2.306639 
2.308778 
2.310906 
2.313023 

2.3 15130 
2.317227 
2 319314 
2.321391 
2.323458 
2.325516 
2.327563 
2.329601 
2.331630 
2.333649 
2.335658 

2-337^^9 
2.339650 
2. 3^4 1 63 2 
2.343605 
2-345570 

2-347525 
2:349472 

2.351410 

2-353339 
2,355260 

2.357172 

2.359076 

I 



2.271 144 
2.273464 
2.27(7772 
2 2780:17 
2.283351 
2.282622 
2 284882 
2.28713c 
2.28936^ 

2.291 5Q1 



2.293804 
2.296007 
2.298198 
2.30037H 

2.302547 

2.304706 

2 306854 
2.308991 
2.3IU18 

2.313234 
2.31534? 



8 



2.31743C 
2,31952: 
2.321598 
2.323664 
2.325721 
2 327767 
2 329804 
2.3318^2 
2.333850 
2.335859 
2 337858 



2 339849 
2.341830 
2.343802 
2.345766 
2.347720 
2.349666 
2.351603 

2.353532 

2.35$45« 
2-357363 
2.359266 

D d 



2.271377 
2.273696 
2 276002 
2.278296 
2.280578 
2.282849 
2.285107 
2.287354 
2 289589 
2.291813 

2 294025 
2.296226 
2.298416 
2 300595 
2.302764 
2.304921 
2,307068 
2,309204 
2.311330 

2. 3^3415 

2j 3^1112 
2"3 17645 

2.319730 

2 321805 
2.323871 
2 325926 
2.327972 
2.330008 
2.332034 
2.334051 

2.'336o59 
2.3^8058 

2.340047 
2.342028 

2.343999 
2.345961 

2.3479*5 
2.349860 

2 351796 

2-353724 
2,355643 

2-357554 
2.359456 



2.271609 
2.273927 
2.276232 
2.278525 
2.280806 
2.283075 
2.285332 
2.287579 
2.289812 
2.292034 

2.294246 
2 296446 
2.298635 
2.300813 
2.302980 
2 305136 
2.307282 
2.309417 
2.311542 
2.313656 
2 3 '5760 
2.317854 
2.319938 
2.322012 
2.324077 
2.326131 
2.328176 
2.330211 
2.332236 

2334253 
2.336259 

2 338257 

2,340246 
2.342225 
2.344196 
2.346157 
2.348410 
2.350054 
2.351989 
2.353916 
2.355834 

2357744 
2 359646 



Dif 

233 
232 

230 

229 

228 

227 
226 

225 

223 

222 



221 
220 
219 
218 
217 
216 
215 
213 
212 
21 1 
210 



209 
208 
207 
206 
205 
204 
203 
202 
202 
201 
200 



99 
98 

97 
96 

95 

94 

93 
93 
92 

9» 

9c 



■^w. 



(*tf» ) A Table of Logarithms, | 


N») o 

z,i 1.365488 

,34 2.j6^2l6 

«J7 '-3747*^ 
138 2.J76:77 


I 


2 


_3_ 
S.36040, 
2.362294 
1 364176 
2.366049 

1 J679«i 
2.369772 
2.37,62. 
1.J73464 
■.37Si9« 
1.377114 


l& 

..,68.0, 
.J69958 
..371806 
'.)7J'47 
■375481 
'.J77!=« 
'.3791.4 
2.380934 
'■!8'737 
'.384533 
..3863., 
2.388,0, 
'.389874 
.39,641 
2.3,3400 
'395,5' 
23,68,6 
..39863, 
2.400365 
2 401089 
..403807 

'■405517 
..40712, 
2 4089,8 
2.41060S 
2.4,129. 
=.,13970 
2.4,564, 


Dif 

"if? 
188 

186 

\i\ 

i&4 

183 
tSi 
i8( 
181 

180 

:;i 
■78 

•'11 

176 

•7S 

'74 
'73 
'73 

'V 

.69 
168 
167 
167 


2.360025 
1.J61917 
1.363800 
1.365675 
2.36754* 
2.369401 
2.371153 
2.373096 
2-3749JJ 
2 J767W 


*.36oiis 
J.362I0S 

i.)6]5!8 
.,36s8<2 
1.367728 
"369387 
»3?H3? 
2.373280 
'.37i"S 
2.3769,, 


«J9 '■37l'i9« 
.40 2.3802.1 
141 Z.3S1017 
241 2.j8j8ij 
Z4J 1.38J606 
144 J J87J90 
14; 1.389166 
146 1.390935 
M7 ^ 39*697 
**8 »-3944!» 
149 »39f"99 


2.378580 
2.380392 
2.J8..9: 
2.383995 
2.385785 
2.JB7568 
1.389343 
2.391M2 
2.391873 
2,394627 
* 396374 


2.378761 
2.380573 
" 3»"377 
1.38417, 
1.38396, 
2.387746 
2.3»952o 
..,,,288 
2.393048 
1.394802 
1.3963,8 


1-378943 
2.,8o7S4 
2.382557 

".384SS3 
1.386142 

2391464 
2.3932.4 

"•39W77 
..396722 


2J0 i.3q794C' 
151 I 399*74 
3JI i.+o)40o 
jjj 1.4031*0 
1,-4 1*04834 
i;^ i.4o6!4o 
Ij6 1.408840 

158 2.411610 
259 2.413300 
J^ '-4' 4973 
z6i 2.416640 
z t >.4i83oi 
26j 2419956 
164 2+21604 
i6j '3.413J46 
266 1.414881 

167 1.426^11 

168 3 4»»'3S 
269 i.4»97t» 
i;o 1.431364 
,71 1.43*9'? 


2.398114 
1.399B47 
2.401573 
2.403292 
2 4050CS 
2.406710 
1.408409 

2.41 5467 
241^140 


i.39«2a7 
2.400020 

'•4<='74S 
2.403464 

140)175 
2,06881 
2.40S579 
1.310171 
1411956 
2.411635 
'-4'53 7 


..398,01 
.40019. 
..40.0,7 
..403635 
2 405346 
2.407051 
'408749 
..,,0,40 
.4,1,1, 
2.413802 
1.41547, 


1.416807 
2.4.8467 

1.420I2I 
1.411768 
Z.423410 

1^28197 

4.4JJ129 


2.416973 
2,,i86j3 
2. ,20286 
'■421933 
'4!5S7S 
1.415108 
2.416836 
1418,59 
1.430075 
1.43,685 
2.433.90 


2.4,7,39 
2.4,8798 
1.42045, 
. 411097 
■■4'3737 
'•4»S371 
'■4.6999 
2.413621 
.430.36 
' 43i»4<i 
•■4334SO 


24,7306 
2,18,6, 

2.,206l6 

1.422161 
2.4.3,01 

'4'S53» 
1.4.7,61 
..4.878. 
.430,98 
..43.007 
..433610 


166 

1 
ill 

•6. 

16, 
16, 
160 



x^ ? '.: 



from I to loooo. 






( 



) 



X29 
130 

232 

*33 

»34 

235 
236 

237 

*39 
240 

242 
243 

«45 
246 

H7 
248 

2iQ 

2 go 

«52 
«53 
254 
«55 

2^6 

257 
258 

*S9 
260 

261 

262 
263 
264 
265 
s66 
267 
268 
269 
270 



2*360783 

2.362671 
2.364551 
2.366423 
2.368287 
2.370143 
2.371991 
2.373831 
2.375664 
2.377488 

2.379305 
2.381115 
2.382917 
2,384712 
2.386499 
2.388279 
2.390051 
2.391817 

2-393575 
2,395326 

2.397070 



2.398808 
2.400538 
2.402261 
2.403978 
2.405688 
2.407391 
2.409087 
2.410777 
2.412460 

«-4>4"37 
2.415808 

»-4«747« 
2.419129 

2.420781 

2.422426 

2.424064 

2.425697 

2.427324 

2.428944 

2.436559 

2.432167 

2.433770 



2.360972 

2.362859 

2.364739 

2.366610 

2.368473 

2.370328 

2372175 

2.374015' 

2.375846 

2-377670 

2.379487 
2,381296 

2,383097 

2,384891 

2*386677 
2,388456 

2>390228 

2,391993 
2,393751 
2,395501 

2.397245 



2.398981 
2.400711 

2.402433 
2.404149 

2.405858 
2.407561 

2.409257 

2.410946 
2.412628 

2.414305 

M»5974 



2.417638 
2,419295 
2.420945 
2.422590 
2.424228 
2.425860 
2.427486 
2.429106 
2.430720 
2.432328 
2.433930 



2 
2 
2 
2 
2 
2 
2 
2 
2 

2 



361 161 
363048 
364926 
366796 
368659 

3705' 3 
372360 

374198 
376029 

377852 



379668 
381476 

383277 
385070 

386855 

38863.^ 

390405 
392169 

393926 

395676 

3974" 8 



399 "54 
400883 

402605 

404320 

406029 

407731 
409426 

411114 

412796 

414472 
416141 



2.417804 
2.419460 
2.421 1 10 
2.422754 
2,424392 
2,426023 
427648 
429268 
430&81 

432488 
434090 

D d.2 



8 



2.361350 
2.363236 
2.3651 13 
2.366983 
2.368844 
2.370698 

2-372544 
2.374382 

2.376212 

2378034 
2.379849 
2.381656 
2.383456 
2.385249 
2.387034 
2.388811 
2.390582 
2.392345 
2.394101 
2.395850 
2.397592 



2 399327 
2.401056 

2.402777 

2.404492 

2.406199 

2.407900 

2.409595 

2.411283 

2.412964 

2.414639 

2.416308 



2.417970 
2.419625 
2.421275 
2.422918 

2-424555 
2.426186 

2.42781 1 

2.429429 

2.431042 

2.432649 

«-434«49 



9 Dif 



2.361539 
2.363424 
2.365301 
2.367169 
2.369030 
2.370883 
2.372728 
2.374565 
2.376394 
2.378216 



2.380030 
2.381837 
2.383636 

2.385427 
2.387212 
2.388989 
2.390758 
2.392521 
2.394276 
2.396025 
2.397766 



2.399501 
2.401228 

2-402949 
2.404663 

2.40^)370 

2.408070 

2.409764 

2.411451 

2.413132 

2.414806 

2.416474 

2.418135 
2.419791 
2.421439 
2.423082 

2.424718 
2.426349 

2-427973 
2.429591 

2.4 J » 
a.4 



8s 
88 
88 

87 
86 

,85 

84 

83 
82 



81 
81 
80 

79 
78 

78 

77 
76 
76 

7S 
74 



73 

73 
72 

71 

7" 
70 

69 
69 
68 

167 
[67 



166 
65 

163 
162 



■ 



3^1 






\ 



7W 



) 



A Table of Logarithms, 



1 



N 



o- 



-rx 



273 Z.436163 

«74 M3775« 

•*7S M3933} 
276 2.440909 

*77 «-44248o 

278 2.444045 

279 2.445604 

280 2.447158 
281 1 2.448706 

2.450249 
2.451786 
2.453318 
2,454845 
2.456366 
2.457882 

«-4$919* 
2.460898 

2.462398 

2.463893 

g'46^3g3 

2.466868 
2.468347 
2.469822 
1.471292 
2.472756 
2.474216 

?-47567i 
2.4771 2 1 

2.478566 
2.480007 

24^1441 
2.482874 
2.484300 
2.485721 
2.487138 
2.488551 
2.489958 
2.491362 
2.492760 

M94»55 



282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 

"«93 
294 

295 

296 

Z97 

29S 

299 

300 

301 

302 

J21 

3'^4 
305 
306 

307 
308 
309 
310 

3»" 

312 



2-4347i« 
2. 436322 

2.437909 

2.439491 

2.441066 

2.442636 

2 444201 

2.445760 

2-H73I3 
2.448861 



2,450403 
2,451940 

2»45347' 

2>4 5:4997 
2»4565i8 

2,458033 

M59543 
2,461048 

2,464548 

2,464042 

2,465?32 



2.467016 

2.468495 

2.469969 

2.471438 

2.472903 

2.474362 

2.475816 

2.477266 

2.478711 

2.48015 1 

2.481586 



3»3 2-495544 
314 2.496930 



2.483016 

2.484442 

2.486863 

2.487280 

2.488692 

2.490099 

2.491502 

2.492900 

2.494294 

2.495683 

2.497068 



2.434888 
2.436481 
2.438067 
2.439648 
2.441224 
2.442793 

*-444357 
2.445915 

2.447468 

2.449015 



M50557 
2.452093 

2.453624 

2-45 5 « 49 
2.456670 

2.458184 

2.459694 

2.461198 

2.462697 

2.464191 

2.465680 



2.467164 
2. 468643 
2.4701 16 
2.471585 
2.473049 
2.474508 
2.475962 
2.477411 
2.478855 
2.480294 
2.481729 



2.483159 
2.484584 
2.480005 
2.487421 
2.488833 
2.490239 
2.491642 
2.493040 
2.494433 
2.495822 
2.497206 



M35^4« 
2.436640 

2.438226 

2.439806 

2.441381 

2.4^2950 

2.444513 

2.446071 

2.447623 

2.449170 

2.4507 •" 

2.452247 

2-4>3777 
2.455302 

2.456821 

2.458336 

2.459845 

2.461348 

2.462847 

2.464340 

2.465829 



2 467312 
2.468790 
2.470263 
2.471732 
2.473195 
2.474653 
2.476107 

2.478999 
2.480438 
2.481872 



2.483302 
2.484727 
2.486147 
2.487563 
2.488973 
2.4903 80' 
2.491782 
2.493179 
2.494572 
2.495960 

2-497344 



2.435207 
2.436798 
2.438384 
2.439964 
2.441538 
2.443106 
2.444669 
2.446226 
2.447778 
2.449324 



2.450865 
2.452400 
2.453930 

2-45)454 
2.456973 

2.458487 

2459995 
2.461498 

2.462997 

2.464489 

2465977 



Dif 



I 






2.467460 
2 468938 
2.470410 
2.471878 
2.473341 

2-474799 
2.476252 

2.477700 

2.479143 

2.480582 

2.482016 

2-483445 
2.484869 

2.486289 

2.487704 

2.4891 14 

2.490520 

2.491922 

2.4933>9 
2.494711 

2.496099 
2.497482 



«59 

»59 
138 

158 

>57 

»57 
156 

«55 

«55 

'54 

>54 
'53 
^S^ 

^52 

'52 

>5» 

'5« 
150 

150 

149 
'49 
148 

'47 

«47 
146 

146 

'45 
'45 
'45 
'44 
'44 
'43 



'43 
142 

142 

'4' 

«♦' 
140 

140 

139 

139 

'39 
138 



from I to loooo. ( '♦«s J j 


N« 


5 


6 


7 


8 


9 


Dif 


2,-2 


z.435j(.6 


2.43552b 


2.435685 


2.435H44 


z. 436003 


'59 


'7i 


1.436957 


2,437116 


2.43717; 


* 43," 43 3 


2-437591 


«S9 


»74 


^.,38542 


z 438700 


2438859 


2.439017 


1,439175 


IJS 


»7S 


2440121 


2.440279 


1,4+0137 


2.44n;94 


2.440751 


15« 


176 


2.44,169; 


2.44.852 


2.H»0Di; 


1.^11 66 


1.441323 


'57 


*77 


2.4432^3 


1.443419 


2.443576 


»-4437J' 


2,443888 


»S7 


»7« 


2,44482s 


2.444981 


24tS'37 


2.445293 


1.4+5448 


■S« 


»7y 


2,446382 


2446537 


2.446692 


2.446848 


2.44700J 


'is 


z8o 


^■4t793J 


2 448088 


1.448242 


1.448397 


2448552 


'S5 


zSi 


2,449+78 


Z-449633 


2.449787 


1.449941 


=,450095 


•» 


"^ 


2.4310.8 


1.45117; 


2.45.326 


1.45.479 


Z.451O33 


'!♦ 


283 


»+S*SS3 


2.452706 


2.452859 


24530.2 


2-4S3i6s 


'S3 


184 


2.454082 


MS4^3! 


*4S+3S'7 


i'+j+i+o 


2.4S4fi9a 


'S3 


■28; 


J.4S;6o6 


2.455758 


1.455910 


1,456062 


2,456114 


'S' 


z86 


2,45712 i 


1.457276 


2457428 


MS7S79 


2-4S7730 




2Bt 


z.4;863a 


».45B789 


2.458940 


1.45909. 


2.459242 


'S' 


■ zSS 


2.460146 


2,460296 


2 46^447 


2.460597 


2.460747 


'S' 


289 


2.461649 


±.461799 


246.948 


2.462098 


2.461248 


ISO 


390 


24631^6 


2.463296 


1.4634+5 


2.463594 


246374+ 


150 


Z91 


2,464639 


2.464787 


2.464936 


2-465085 


2.465234 


'49 


ag: 


2.466.26 


2,46627+ 


2.466423 


2.466571 


2.4667.9 


'49 


193 


2.467620 


2.467756 


1.467904 


2,468052 


2.468200 


M8 


294 


2.46908; 


z. +69*33 


2 4693S0 


2 4695^7 


2,469675 


■47 


■29? 


1.470557 


2,470704 


1.470851 


2.470998 


2471145 


'47 


Z96 


2.47ZOZ5 


2.472171 


2-4723I7 


1-471464 


24716,0 


146 


*97 


2.473487 


2.473633 


*+73779 


Z.47391; 


2.474070 


,46 


2gS 


2-47*944 


2.475090 


^■+75235 


2,47538. 


2.475526 


146 


=99 


Z.476397 


2.476542 


2.176687 


2.476832 


1.476976 


"4S 


300 


2.477844 


2.477989 


2.478133 


2.478278 


1478412 


'4S 


301 


2,479287 


2+79+31 


2'47957S 


2479719 


1.479863 


'44 


301 


2.480725 


1,480869 


2.48.0.2 


2-481156 


3-48.199 


'44 


303 


2.48jKq 


2.4B3302 


2.482+4; 


2.481588 


2.48273. 


'43 


304 


2.483587 


2.483730 


2.483872 


1.48401; 


2,484157 


'4J 


3°! 


2.4850,. 


2.485153 


248529; 


2,485437 


2485579 


'4» 


306 


2.486430 


2 436371 


2.486714 


Z.4S68SS 


2.486997 


'4» 


307 


,2.4878+; 


1.+87D86 


2.488.27 


2,488269 


2488410 


■4' 


308 


2.489^55 


1 +8939<S 


^+89537 


2.489677 


2,489818 


14' 


309 


;2. 490661 


2.499801 


i.490941 


1.491081 


249.222 


140 


310 


2.492062 


i.4g2?ov 


2+923+^ 


2,492481 


2.49162. 


l»0 


■3" 


2.493458 


2.+93S97 


2-+93737 


2,493876 


2.494015 


'39 


J12 


i. 494 8 50 


Z.494989 


1,455.28 


2,495267 


2.495406 


139 


.3'3 


2.496237 


2.496376 


2.496;i4 


2.496653 


Z.496791 ijg 


VA 


2.497611 


Z.4977S9 


2.497897 I 2.498035 


2.498.73 .38 



Dd3 



I 


PlHHil 


1 


I 


■ 


¥.. 




J 




( "nife ) A Table of Logarrthms, 


1 


N« 





I 2 


3 


4 


Dif 


J'S 


i, 49631. 


2.49844^ 2.49S58B 


1.493724 


2.498862 


'3« 


M 


3.6 


2.599687 


2.499824 2.499962 


2.500100 


2.500136 


'37 




1 


3'7 

3'8 


2.501 05 >; 
2,502427 


2.JOU96 t$aiiii 
2. {01564 1.501700 


1.501470 

2.501837 


1.501607 

!.50J973 


'37 
■ 36 






319 


2.503791 


2.503927 2.504063 


2.504199 


1.504335 


.j6 






310 


2.505150 


2.505286 2.505421 


1.505557 


2.505693 


136 






321 


2.506505 


2.506640 1.50677; 


2.5009. 1 


1.507046 


'3> 






3" 


1.507856 


I 507991 2.50812; 


2.50S360 


2.508395 


'is 




^ 


3»3 


2.509202 


*-5093;7 »S0947i 


2.509606 


a 509^40 


'34 




1 


3^4 


Z. 510545 


2.510679 2.5.0813 


1.510947 


:.5.ioSi 


'34 




315 


2.5.1883 


..512017 2,5.2.50 


1.5.12S4 


2.512417 


'33 


■ 


3.6 


2.5.31,8 


i-5'33!i 2S'3484 


2.5136.7 


i-5'J7SO 


•33 




■ 


3*7 


2.5.4548 


2.514680 M'4813 


2.514946 


2,5.5079 


'33 




■ 


318 


2.515874 


2. 516006 2.516139 


2.5.6271 


2.5.6403 


'31 




■ 


319 


2.5.7.96 


2.5.7328 2.517460 


1.5.7592 


2.517714 


•Ji 




■ 


3JO 


2.518514 


2.5.B645 a-5'8777 


1.518Q09 

a.Sioii. 


2.519040 


131 




■ 


33' 


1.5.9828 


2.5ig9!9 2,520090 


1.510351 


'31 




■ 


331 


2.52.138 


2.;2ij6j 1.521400 


1.511530 


2.52.66. 


'3' 




f 


333 


2,522444 


2.5.1575 i.S"705 


1,51283; 


2522966 


130 






334 


2.523746 


i.;i3876j 2 524006 


2,514.36 


I.;i4i66 


130 






3J! 


2.51^04.5 


2, 52517412. 525304 


2-515433 


2.52;;6;. 


"9 




336 


2.526339 


1.516418 2 5265,^8 


2.526727 


1,516856 


129 




337 


1.527630 


1.527759 1527888 


2518016 


2.51814; 


129 






338 


t.518917 


2.5290,5 25J9174 


2 529301 


1.529430 


128 






339 


25JO203 


2.530328 2-530456 


..530584 


.,530712 


128 






340 


2.531479 


2.;3i6o7 2.531734 


1,53.862 


2,53.989 


118 






34' 


^■S3'7S4 


2,532882 2.533009 


2,535136 


..533263 


'17 






34' 2.S34°26 


2534'5J 2,534280 


i'S3+407 
* 535674 


1-S34534 


117 






343 M3!»94 


15354*' iSJJSt? 


.,535800 


t2& 






344 *-536ss8 


2.53668; 2.536811 


2536937 


1.537063 


Ii6 






345 i.sJ78'9 


'■53794S «-538o7l 


2.538197 


1,538312 


126 






34ft 
347 


2.539076 2.539201 2.539317 


2.539452 


2.530578 


"j 




2.540329 2,54045; 2.S405S0 


.,540705 


2.5408)0 


•15 




348 1.541579 2.54170^ I S4"'i9 


iS4'9J3 


1.541078 


'»S 






349 »-S4*8*5 »S4'9!0 ^543074 


2.5*3 '99 


i-S4;3'3 


114 






J50 2.54+068 2.14419^ *-S443'6 


M44440 


.,544564 


IM 






35' *S45307 » S4S43' M45!I4 
3-2 i-J40i43 I-54S&66 2.146789 


2.545678 
1.546913 


2.s4s8o> 


"4 






2 547036 


'«3 






3S3 *-S4777S *.S47898 2.548011 


1.548.44 


1548*66 


'13 






354 »S49oo3 2.S49''6 2.549143 


2-549371 


*S49494 


'*) 




■ 


35c 1.5502*8 ».!5o;S' » SS^Oi ^ S50i9! »-SS07'7 
356 1.551450 2.551572 1.551694 J.SI<Bi6 J.5S'958 


121 






112 






357 iSS*''M MS»79° -•SJ»9"' MSJ033 «SS3'S4 


121 






^^^^^^ 


i 


d 



r 



from 1 to loooo. 



My 



316 

317 
318 

319 

320 

32" 

322 

323 
324 



2, 

2 

2< 
2 

2. 
2. 
2 
2< 
2. 
2 

2, 



325 
326 

327 

328 I 2 

329 2 
350 
331 
332 

333 
334 

lii 

336 

337 * 

338 2. 

339.2 
340 2. 

341. 2 

342.2 

343, J»- 

344.* 
2 

a. 



2, 
2. 

2< 
2 

2^ 
2 

2. 



345 
346 

347 
348 

349 
3SO 
3S« 
35* 
353 
354 
355 
356 
357 



3. 
2 
3, 

2. 
2, 

3. 
2. 
2. 
2< 

2. 



98999 1.499 « 37 

00374 2.50051 1 

01744 2.501880 

03109 2.503246 

04471 2*504^7 
05828 2.505963 

07181 2.507316 

08530 2.508664 

09874 3.510008 

11215 2:511348 

2.512684 
2.514016 

2-5'5344 
2.516668 

2,517987 

2.519303 

2.520614 

2.521922 

2.523236 

2.524526 

2.525S22 

2.527114 
2.528402 
2.529687 
2.530968 
2.532245 
2.533518 

»'5 34787 
2.536053 

«-5373"5 
2.538574 

2.^^9829 



12551 

13883 
15211 

*6535 

«7«55 
19171 

20483 

21792 

23096 

24396 

25692 



26985 
28274 

29559 
30840 

32117 

3339» 
34661 

35927 
37189 

38448 
39703 



40955 
42203 

43447 
44688 

459*5 

47«59 
48389 

49616 

50840 

52059 

53276 



2.541C80 
2.543327 

2.54357« 
3.54481a 

3.546049 

3.547383 

3.548513 

*-549739 
3.550962 

2.553181 
*-S53397 



499*75 



00648 
03017 
03382 

04743 
0^099 

07451 

08799 

10143 

11482 



8 



12818 
14149 

"5476 
16800 
18119 

'9434 
20745 

22053 

*3356 
24656 

25951 



*7*43 
28531 

29815 

31095 

3*372 
33645 

349 '4 
36179 

37441 
38699 

39954 



41205 

4*45* 
43696 

44936 
46173 

47405 
48635 
49861 
2^51084 
53303 

S35«9 



D d4 



2.499412 

3.500785 

2.502154 

3.503518 

3 504878 

3.5oc>334 
2*507586 
2.566933 
2.510277 
2.511626 

2.512951 
2.514282 
2.515609 
2.516932 
^.518251 
2.519565 
2.520876 
2522183 
2.533486 
2.524785 
2.526081 

*-5*7372 
2.528660 

2.529943 

2.531223 

2.532500 

*-533772 
2.535041 

2.536306 

*-5375^7 
2.538825 

2.540079 

2.541330 
2.542576 
3.543820 
3.545060 
3.546396 

*-5475*9 
3.548758 

3.549984 

3.551306 

*-55*4*5 
3.S 53640 



3.499550 

3 500922 
3.503290 
2.503654 
2.505014 
2.505370 
2.507721 
2.509068 
2.510411 
2.5II75O 

2.513084 

*5M4«5 
2.515741 

2.517064 

2.518383 

3.519697 

2.521007 

2.522314 

2.523616 

2.524915 

2.526210 

2.527501 
2.528788 
2.530073 

*-53»35« 

2.532637 

2.533899 
3.535167 
3.536432 
2.537693 
3.538951 
2.540204 

*-54«454 
2.542701 

*-543944 
2.545183 

3.546419 

2.547653 

3.548881 

3.550106 

3.551338 

3.553546 

3.553763 



Dif 



138 

»37 

»37 
136 

136 

136 

»35 
«35 
»34 
"34 



133 

»33 
«33 
>3* 

"32 
132 

131 

131 

130 

130 

139 



129 
129 
128 
128 
128 
127. 
127 
126 
126 
126 

»*5 



>*5 
135 

i*4 
»*4 

■*4 

123 

123 
133 

133 
133 
131 



f 



( 'Jlf j A Table of Logarithms, 


N" 





1 


2 


3 


4 


Dif 


JS8 


»-5S3«''3 


..55400+ 


3.55+1 io 


*SS4^47 


i.jS+j&a 


III 


3S9 


1.5*509+ 


J.55S2I; 


* 5SS336 


* 5S!4i7 


*SSSS78 




j6o 


i.iS^joi 


2.556423 


2.556544 


2.55666+ 


1.556785 


III 


3^' 


Z.SS7S07 


J. 557627 


>Si77+8 


3.;57K63 


1.557988 


130 


36^ 


2.558709 


2.5s8i28 


3-l=?i 


1-559068 


1.559.88 


110 


3(^3 


1.559907 


1.560036 




1.560165 


1.56038; 


lie 


36+ 


3.56.10. 


2.56.31. 


2.561340 


2.561459 


1.56.578 


119 


36s 


1.56.293 


2.563412 


2.561531 


1.562650 


1561768 


119 


366 


1.56348. 


3.563600 


1.56371^ 


2.56J8J7 


2.563955 


119 


■ 367 


2.56^666 


2.564784 


3.564903 


3.565011 


1-565139 


1.8 


. 308 


2.s6sM 


2.565966 


1 s6toa+ 


Z.566201 


1.506310 


1.8 


j6g 


3.567026 


3.5671+4 


3.567362 


*'S67379 


3.567497 


iiS 


370 


2.5S820Z 


2.568319 


2.568436 


2-568554 


356867. 


"7 


3?' 


3.569374 


1.569+91 


3.569608 


2.569735 


1.569843 


"7 


37^ 


^■570543 


2,570660 


3.570776 


3.570893 


2.57.0.0 


'r? 


373 


2.571709 


3.57.81; 


3 57'94» 


2.571058 


3.57217+ 


116 


374 


2.572872 


3.571988 


1.573104 


7.573230 


'■573330 


116 


37S 


3.574031 


1.57414.7 


2.574153 


3'S74379 


2- (74494 


1.6 


376 


2.575.88 


»S753°3 


1 57i4'9 


2-575534 


2.575650 


"S 


377 


2.5763^1 


1.576+56 


2.576572 


1.576687 


2.576802 


"5 


37 a 


2-V7*0Z 


1-577607 


7 5-772. 


2-577836 


2.57795' 


-lis 

1.4 


379 


2-!7at»3<j!*-S787S4 


Z.5788L.M 


3.578983 


a,S7Q097 


380 


1.579784; 2.579898 


1.580011 


1.580116 


1.580140 


"4 


33' 


2.580925 2.58.039 


2.SSl.;3 


2.58.267 


3.58. j8i 


1.4 


38^ 


2.582063 


1.531.77 


1.58219. 


1.581+0+ 


1.582518 


"4 


3S3 


2.S83199 


3.583311 


1.583415 


2. 5831:39 


i,SS36!i 


113 


J84 


1.5843,1 


1,584444 


^■sS4SS7^'-584670 


1.584783 


"3 


38; 


2.58,V., 


2-!85573 


2.585686 


2.5S5799 


3.585913 


"3 


38 6 


2.586i87 


1.586700 


2 5S6S11 


1.58692; 


2.587037 


111 


38- 


2.587711 


^■537823 


3.58793; 


2.5880+7 


1,588160 


III 


388 


2.58683. 


1.5339+4 


3.589055 


1. 589167 


2.589279 


111 


JR9 

i<iO 


3.58...SO 


1.59006. 
2.591176 


2.5170173 


2.59028+ 


2-590396 


III 


2.59.06; 


1.591187 


1 591398 


2.59.510 


111 


39' 


3.59»77 


2.591238 


2.592399 


1.593510 


3.592621 


III 


391 


2593*86 


1.593397 


3-593508 


1.5936.8 


2.593719 


III 


593 


2.SQ439* 


1.594.503 


3.594613 


2.594714 


3.594834 




394 


2.595496 


1.595606 


3.595717 


2.595817 

2.596927 


2S9S937 


no 


395 


'■59^597 


1.596707 


1.596817 


2.597037 


no 


39'' 


2-597635 


1-597805 


2.59791 + 


1.59803+ 


3.598.34 


no 


397 


2.598790 


3.598900 


3.599009 


1.599119 


2.599128 


log 


353 


1.599883 


3.599991 


i.Gooioi 


3.6001.0 


1.600319 


109 


399 


1.600973 


3.6oio8i 


3.60.190 


2.601199 


1.631408 


109 


400 


i.(lo2o6o 


2.601168 


1.601177 




3.601386 


1.60349+ 


108 



from I lo lojoo. C^^) 1 


N" 

!SS 
359 
j6o 
j6] 

J62 

IS 
II 

il 
369 

J70 
J71 
3; = 
373 

37t 
37S 
!7' 

"I 
378 


.? 


6 


7 


8 


9 


Dif 

III 
119 

"9 

119 
"9 
IIS. 

118 
118 
"7 
117 

"I 

116 
116 

"5 
IIS 


»-5S4489 
2.555699 
2.556905 
2.558108 
2.559308 

2.561697 
2.562887 
2.564074 
2.56525' 


1.5546,0 
1.555820 
2.557026 
2.S581H 
1.559428 
2.560624 
1.5618,7 
1.5630GO 
2.564,5, 

'-S''S37S 


'■S!4;i' 
2.555940 
2.557,46 
2.558348 
'-559548 
2.560743 
2.56193b 
1563125 
2.5643,, 
2.565494 


"554852 

1.55600, 
2,557266 
2.558469 

2 560863 

2-56;oS5 
2.563244 
2.56442^ 
2.5656,2 
1,56679, 
2.567967 
2,569,40 
2.570309 
-*-57i476 
2,572639 
2,573800 

'574957 
1-576,,, 
1-577261 

2.5784,0 


"lifsii 
'-557387 
1.558589 
1-SS9787 
2.560482 
1.501174 
'.563361 
1,564548 
1.565730 
1.566909 
1.568084 
1.569157 
1.570426 
2.571592 
'-572755 
'-57391S 
2.575072 
2.576226 
'-577377 
2-578525 


2.S;6«37 
2.5676,4 
2.561788 
2.569959 
2.571,26 
2.57229, 
2-573452 
2.574610 
2-575765 
2.5769,7 
2.578066 


>-5»SS5 
2.J67731 
2.568905 
2.570076 
2-S7I243 
2.57,407 
,-573568 
2.574726 
2.575880 
2-577032 
2.578,8, 


1.566673 
1.567849 
2.569023 
2,570193 
=-571.359 
"-S72523 
2.5736B4 
2-574841 
'-57599' 
"-577147 
1-578295 


379 2-S79i'i 

380 J.s8ojj; 
)8i 2.s8i,9i 
38, 2.58,63, 

383 2.58376,- 

384 2.584896 
385:2.586024 
3«6 2.587149 
387.2.588272 
38812.58939, 
389I 2.590507 


2.58,608 

'-58'74! 
2.583879 
2.585009 
2.586,37 
2.587262 
2.588384 
2.589503 
2.5906,9 


2.579441 
2.580583 
2.581722 
2.581858 
2.583992 
2.585121 
2.586250 

>-S87374 
2.588496 
2.5896,4 
2-590730 


■-579SSS 
2,580697 
1.58,836 
2.582972 
■2.584,05 
2.585235 
1.586362 
2.587486 
2.588608 
1.589716 
2.590841 


2.579669 
2.580811 
1.581950 
1.583085 
2.584.18 
2.5853,8 
,586475 
2,587599 
2.588720 
1.589838 
' 590953 
1.592066 

'S9!'7S 
2.594181 
1-595,86 
1.596487 

■illimi 

,':II2IIJ 


'U 
"4 
"4 
"3 
"3 
113 
III 

III 

III 
III 
III 

109 
109 

13 


390 
391 
392 
993 
394 

111 
397 
398 
399 
4<x= 


2.59,62, 
2,59.732 
2.5938,0 

'•594945 
2.596047 
2-597,46 
"■598 '4! 
2-599337 
2.600428 
2.60.5,7 
2.602601 


2.59,732 
2.592843 
2.593950 
2.595055 
1.596,57 
1.597156 
«-S9»3SJ 
1.599446 
1.600537 
2.601625 
1.601711 


2.591843 
2.592954 
2.594061 
2.595165 
1.596167 
1.597366 
1.598461 

I.60I7J4 

1.602819 


1591955 
2.593064 
2.594171 
1.5951,6 
1.5963,7 
1.59,4,6 

':&' 
2.660755 
3.60184) 

i.6oaga8 



<*?C» ) A Table of Logarithms, 


N^ 





I 


2 


^ 


4 


Dif 


401 

4oi 
403 
404 
40; 
406 
407 
49a 
409 
4ro 


»,6oji44 

2.604226 
z.6opos 
2,606381 
2.6o74<;j 
z.6o3;z6 
2.60959+ 
2.6iofi6o 
2.611725 
2.612784 


7.6o32;3 
2.604334 
2.605413 
2.606489 
2.607562 
2.608633 
2.609701 
2.610767 
2.611829 
2.612800 


2.603361 
2.6044+2 

2.605520 
2606596 
2.607669 
2.608740 
2.609808 
2.610873 
2.611536 
2,612996 


.603469 
.604550 

.605628 
.606704 
2.607777 
.60SB47 
.609914 
.610979 
.612042 

.6nioj 


1.003577 

2,fl04658 
2.605756 
2.6o'..8n 
2.607884 
2.608954 
2. 6 10021 
2.611086 
2.612148 
2.613208 


108 
108 

loS 
107 

107 

107 
106 
106 
106 


4" 

4;! 
4'3 
414 
4'S 
416 
4'7 
418 
419 
420 
421 


2.613842 

2.614897 
2.61 !9jo 
z. 617000 
Z.61S04S 
2.6 1909 J 
2.620136 
2.621.76 
2.622114 

2.623249 
2.624282 


2.613947 
2.6i;oo3 
2.616055 
2.617105 
2618153 
2.619198 
2.620240 
2.6212-0 
2.62.3.8 
■6*3353 
,62438^ 


2614053 
2.61510S 

2,616)60 
2.617210 
2.6,8257 
2.619302 
2-620344 
2.62. 3S4 
2.622421 1 
1.623456 
.624488 


.614159 

.615213 
.616265 

.617315 
.61S362 

.620+48 
.621488 
.622525- 

.623559 
.6241:91 


2.614264 
1. 615319 

2.616370 
1.617420 
2.6)8466 
2.619511 
2.620552 
2.621592 
2.622628 
2.623663 
2.624691 


106 

105 

104 
1C4 


411 
4^3 
424 

419 
430 

43' 
43' 
433 

434 

.43'> 
440 
44' 
44* 
443 


2.625312 

2.626340 
2.627366 
2.628389 
2.629410 
2.630428 
1.6J1444 
1.6324,7 
2.633468 
'■634477 
.631:484 


2.6254,5 

.626443 
2.627468 
.628491 
.629511 
.630529 
■63114? 
.5,2558 
.633569 
■634578 
■63(584 


2.625518 

2.626546 
2.627571 1 
2.628593) 
2.62915131 
2.63063,, 
2.631647 
26)2660 
2.633670 
2.634679 
2.635685 


.625621 
.626648 
.627673 
.6:8695 
.629715 
■630733 
.631748 
.63276, 
.633771 
.634779 
.635785 


2.625724 
2.626751 
2.627775 
1.6287.97 
2.629817 
2.630834 
2.63.849 
2.632862 
*.63387' 
2.6,4880 
1.635886 


102 
102 

100 

roo 

99 
99 
99 
99 
99 
98 

^f 
9» 
98 


.636483 
.637490 
.638489 
.6394B6 
.640481 
.641474 
.642464 

■'^43453 
,6^4439- 
.645421 
.646404 


.636588 
.637590 
■6;8;R9 
.639586 
.640581 
■641573 
.64^563 
■64355' 
■644s 3 7 


2.636688 
2.637690 
1.6386B0 
2.639686 
2.640680 
2-641672 
2.642662 
2.643650 
2.644635 
2.645619 
2.646600 


.636789 
.637750 
.638789 
■639785 
-640779 
.641771 
.642761 
■643749 
.644734 
.645717 
.64669S 


2.636889 
2.637890 
2.638888 
2.63988s 
2.640879 
2.641870 
2.642860 
2.643847 
2.644832 

2.646796 



from I to loooo. ( %tt ) 1 


N^ 


5 


6 


7 


8 


9 


Dif 


401 


1603085 


2.603794 


2.603902 


2.6040.0 


1604118 


to8 


40Z 


2.604766 


2.604874 


2.604982 


2.605089 


2.605197 


108 


4,r;j 


2.605843 


2.60595 1 


2,606059 


z.606.66 


1.606274 


108 


404 


1.606918 


2.6o7d:5 


2.607133 


1.607240 


2.607348 


107 


40J 


2.607991 


2.608093 


2.608205 


1.&083.2 


i.6o§4i9 


107 


;,6 


2 609060 


2,609167 


2.609274 


2.609381 


1.609488 


107 


■407 


z.6ioia8 


2.610244 


2.610341 


a.610447 


1.610554 


107 


40a 


Z.611192 


3.611298 


2.611405 


2.611511 


2.61 1617 


106 


409 


i.6i2is.t 


2.612360 


2.611466 


3.612572 


2.612678 


1 06 


410 


2.6.5, .3 


2.613419 


2.613525 


3.613630 


2.61 3736 


106 


411 


2.614370 


2.614475 


2.614581 


2.614686 


2.614792 


106 


4'^ 


2.615424 


2,615529 


1.615634 


1.615740 


2.61584s 


105 


4'3 


2.616475 


2.616580 


1.6.6685 


1.616790 


2.616895 


105 


4H 


1.6175Z4 


2.617629 


2.617734 


2.617839 


4.617943 


105 


t'5 


2.6.857, 


2,6.8675 


2.618780 


3.618884 


1.618989 


105 


4.6 


2.619615 


2.6197.9 


2.619823 


2.619928 


2,620032 


104 


4'7 


2.6:0656 


2.620760 


2.610864 


3.620968 


2.621072 


104 


4.8 


2.62,695 


2.62.799 


2.621903 


3.612007 


1.6221.0 


104 


419 


2.622732 


2.622835 


2.622939 


2.623042 


2.623146 


104 


420 


2.623766 


2,623869 


2.623972 


3.624076 


2.624179 


103 


4" 


2,6247q8 


2.624901 


2,62^004 


3.625107 


2.625209 


JOi 


42* 


2.62581.7 


2.625929 


2.626032 


1.62613c 


2.616238 


103 


4"3 


2.626853 


2.626956 


2.627058 


1,617,6. 


2.627263 


103 


4<4 


2.627878 


2.627980 


2.628082 


1628184 


1.628287 


102 


4ZS 


2.628900 


2.6 29002 


2.629.04 


2.629Z06 


1.62930^ 


101 


4^6 


2.629919 


2.63002. 


2,630123 


2.630124 


2. 630336 


102 


4*7 


2.630936 


2631.38 


2-631139 


2.631241 


1.631342 


102 


4.8 


2,631951 


2.6328;2 


2.632153 


2.63Z155 


2.632356 


101 


429 


2.632963 


2 63J064 


2.633165 


2.633266 


2.633367 


101 


430 


1.633973 


2.634074 


2.634175 


2.634276 


2.634376 


100 


♦3' 


2.634981 


2.635081 


2.635181 


2.635283 


2.635383 




43' 


2.635086 


2.636086 


2.6361 87 


2.636287 


2,636388 


100 


433 


2:636989 


2.6370S9 


2.637.89 


1,637289 


2.637390 


100 


434 


2.637990 


2.638090 


2.638190 


2.638189 


2.638389 


99 


43S 


2.638988 


2.639088 


i.6,9"88 


a.639287 


2,639387 


99 


436 


1.639984 


2. 640084 


1.640183 


2.640183 


2.64OJ81 


99 


437 


2.640978 


1.641077 


1.641176 


2.641276 


2.641375 


99 


438 


1.64 1970 


2.642069 


1.64Z168 


2.64*267 


1.643366 


99 


439 


2.642959 


I.64JO58 


2.643156 


1.643255 


*-643354 


99 


440 


2.643946 


2.644044 


2.644143 


1.644241 


2.644340 


98 


441 


2.644q3i 


2.645029 


2.645127 


2.645226 


2.645324 


98 


44» 


2.645913 


2.646011 


2.646109 


1.646108 


1.646306 


98 


443 


..646894 


2.646991 


1.647089 


1.647187 


1.6471B5 


98 



(^^i ) A Table of Logartthms, j 


NT' o 


I 


2 


3 4 


Dif 


4,4 a.647383 


= 647481 


2.647578, 


2-64707!, 2647774 


98 


4tS'* 


64 S 360 


Z.64S4S8 


2.648555 


2.648653' 2.648750 


97 


■44f-^ 


64933! 


* 64943; 


2649530 


=-649617 


1.649724 


97 


44-'' 


.650507 


2650405 


2650502 


2.650599 


1.650695 


97 


4+8 ]z 


6;i!7a 


7.651375 


2.651472 


2.65,569 


2,^5 1666 


97 


449 !2 


652,46 


2.652343 


2.65^^(0 


2.652;3(, 


2.652633 


97 


4Pi= 


.653>„ 


2.653309 


2.653405 


2 6i3i.z 


2.653598 


96 


4S' i^ 


.654176 


3.6!4273 


2.654369 


2.654^65 


2,654562 


96 


452 2 


.655,38 


2.655234 


«. 655331 


2.655427 


2.655523 


96 


453 L 


,65609^ 


a.656iij4 2.656290 


2656586 


2.656481 


96 


4!+ ' 


.657056 


2.6,-7151 2-*J7H7 


2.657343 


2.657438 


96 


4!! ^ 


.65S01 i 


2.658107 2 6;8zo: 


=,65829« 


265^393 


9S 


4S6 a 


.658965 


Z.659060 i-6s'J"SS 


2.659250 


2.659346 


95 


4!7 ^ 


.659916 


2.66soii 2. 660106 


2.660201 


1.660296 


95 


4)8 


.660865 


2.66ofj6o 


2.66105s 


2661150 


2.661245 


95 


•59 


.66181; 


2.661907 


2.661002 


2.662036 


2.662191 


95 


460 ! 


.66.758 


2.66285^ 


2.662947 


2.663041 


2.663135 
2.664078 


94 


46. . 


.663701 


2.66379^ 


2.663 SSp 


2.663983 


94 


^fi. ^ 


.66,6,, 


2.664736 


2.6648^0 


2.664924 


2.66;ol8 


94 


4''3 


.66558, 


2,665675 


i.C6;7^>R 


2.6'.;;862 


2.665956 


94 


\t%l 


,6665:8 


2.66^612 


2.6(,fi705 


^.66.'i7g9 


2 6663(;2 


94 


46; 2 


■667,5 ? 


=.6^7 546 


2 6^76401 2. 657771 


2.667826 


93 


466 : 


.66S;K6 


3.668479 


7.66857212.663665 


2.668758 


93 


467 1 


.6693,7 


z.66g4.o 


2,669503 


2.665596 


2,669689 


13 


463 s 


.(170146 


2.676339 


2.670431 


2.670524 


2.670617 


93 


4&9 ^ 


.671173 


2.671265 


2.67. 35S 


2.67.451 


2 67 '543 


93 


^70 


.671098 


267219.^ 


2-672283 


2.672375 


2.67^4(1-; 


y2 


47' 


.673021 


Z.67JI13 


2.673:05 


2.673297 


2.67355= 


92 


47 z 


.67J94I 


2 674034 


2.674126 


2.674218 


2674310 


9* 


473 


.674S6I 


2.674953 


2,675045 


«-67iij6 


2.675228 


9» 


4-74 


.67S778 


2.075870 


1.675961 


2.676053 


2.676145 


92 


475 


.676694 


2.f.767«5 


1.676876 


2.676568 


2.677059 


9' 


7^" 


.677607 


2677698 


2.677789 


26778B1 


2,677972 


9' 


477 


.678518 


2.678609 


3.67B700 


2.678791 


2.678881 


9' 


'478 


.679|a8 


2.679519 


2.679610 


2.6797CO 


2 6-9791 


91 


'479 


.680335 


2.680416 


*. 680517 


2,680607 


1.680698 


9> 


.480 


.681141 


1.68 r 33 2 


2.681422 


2,6815.3 


2.68160 
2.6835o( 


90 


481 


.6«ii4, 


2.682135 


1.682326 


2.68*4.6 


90 


;48j 


.683047 


2.683.37 


J.683127 


2.683317 


2,68340; 


90 


|4tl3 


.683947 


2.684037 


2.684127 


2.684217 


2.68430 


90 


,484 


.684845 


2.684935 


2.685025 


2.6851.., 


2.68120 


9*> 


4X; 


1.68574' 


2.68183. 


2.685921 


2.686-. 10 


2 68610c 


*9 


'r 


1.686636 


2.686716 


2686815 


2.6869:?4 


2.68699 


■89 



from 1 to jojoo. ( v<' ) 




4M 


5 


6 


7 


8 


9 


Dif 




«64;S7.2 


2.647^69 


2 648ob7 


2.b48,6i 


3.648262 


93 




HS 


2.64^84.8 


2.64^9(5 


2,649043 


z. 649 1 40 


!. 649*37 


97 




,46 


i.S^giz 


2. 6+^919 


2.65001(1 


2.6jo(i3 


2.650210 


97 




447 


2.fiS0793 


2.653^90 


»^;o987 


2 (.5.084 


2.651181 


97 




4*8 


1,6,-1762 


2.6^i8;9 


1.651956 
i6ji923 


J.65ZO53 


X 652150 


97 




4i9 


i.fijZ73a 


a. 652816 


I.653OI9 


lessnf. 


97 




ii'-' 


165369^- 


i6j37c,i 


2.6j38Sa 


2.653984 


2,654080 


96 




4j' 


2,6,-+65l5 


» 5H7>t 


a- 65 4850 


2.654946 


2.655042 


96 




4S2 


2.6ss6ig 


2.655714 


j6,-58io 


1655906 


2.656002 


96 




4'3 


1.656^77 


i*^66;3 


3.656769 


2 656864 


2.656960 


go 




+>+ 


1.657s 34 


2.65762^ 


2.657725 


2.(-5782o 


2.657^16 


go 




4Si 


2.6S8488 


2658584 


1.658679 


2.65^774 


2.65^^70 


9! 




4i« 


1,659441 


2.659536 


2.659631 


2.659726 


2. '■59^21 


9S 




4S7 


i.6r:D39i 


2.J''0^1i6 


2.66^581 


2.660676 


1,660771 


9J 




4i« 


2.66i33y 


z 66143. 


J65li2g 


2.661623 


2,66.718 


9S 




459 


i.fifiizH; 


2.6623S0 


2.662474 


2.662569 


i,66i66j 


95 




463 ,2.6t.3i3o 


2663324:2.6634.8 


2,6635.1 


2.663607 


9+ 




,6, 


1.664171 


2.664266 1 2 6;'436o 


^.664454 


2.664548 


94 




462 


2.6r,j,w 


2.f:a52oi,ii.£65299 


2,665393 


2,665487 


94 




4*J 


2.660o;c 


z.t6:>i43;= 6^62j7 


2 6663 J 1 


2.66>.424 


94 




464 
4SS 


z.666g3£. 


2.65707uj;:.657i73 


2.6672611 


2 66735q 


94 




i,6.',79;o 


i.66!fcij; = c6Sic6 


2,668199 


2. (,68293 


93 




4S6 


1668853 


2 668^45 


2.669033 


2,66913, 


2-669224 


9i 




,6; 


2.6697^2 


2.669874 


2,6699^7 


2 670060 


2.670153 


>/3 




468 


2.670710 


2.670802 


2.670895 


2.670988 


2.6710)^0 


93 




46, 


2 671636 


2.67.7^3 


2671821 


2.671913 


2,672005 


93 




470 


2.672560 


2.67265^ 


^■^7Z7-K 


2672.3'. 


Z.671919 


gz 




471 


2.673482 


'•'573'!74 


2,673666 


267375S 


2.673850 


92 




47' 


2.674402 


2.674494 


2.674586 


2,674.^77 


2.674769 


9* 




473 


2.675310 


2.675412 


2,675503 


2,67559; 


2:675687 


9* 




474 


1.676236 


2.676328 


2.676419 


26765.1 


1.670601 


92 




47 s 
47' 


2.677 ,,0 


2.677241 


2. 67 73 3 ^ 


2 677424 


2.:.77i;i6 


-51- 




1.67S063 


2,673,54 


2.6782+5 


2.678336 


2,678427 


9' 




477 


.678973 


2.679064 


2,67915s 


2,679246 


^■679J37 


9». 


! 


47» 


.67988? 


267997J 


2 680063 


2.68on;4 


2,68W4; 


9< 




479 


680789 


2.68087 y 


2,68097a 


2.6S1C60 


2.68, .5. 


91 


I 


480 


.68.693 


2.681784 


2.681874 


3.68196+ 


2.682055 


93 


1 


4«' 


.682596 


2 682636 


2 68*777 


3.6S2867 


2.682957 


50 




48. 


.683497 


2,683587 


2683677 


^.'^d37$7 


2-6838.57 


90 




4«) 


.684396 


2,684486 


2.684576 


2 684666 


2.684756 


90 




484 


.685-294 


2-685383 


2,68547.1 


1.685563 


2685652. go j 

2 63.-.(;47, Ha 


I 


4»i 


.686. 89 


2.686^79 


2 68Q363 


2.686+57 


. 


486 2.«87o8j 


2.687.72 


2.637261 


J.687JS,- 2.6-7+40 89 





( -Sff ) A Table of Logarithmj, 


N° 





I 


2 


3 


4 


Dif 


^^7 


«-"7S"9 


2.687618 


. 687707 


..6877,6 


'!68877l 


*9 


<•• 


i.6g8t:o 


2.e8s,«, 


..6885,8 


2.618687 


a. 


4«9 


J.689J09 


..6l9„g 


1.689486 


2.689575 


..68s,664 


•9 


490 


2.690196 


2.6,028s 


..690373 


..6yM6. 


..6,0550 


(, 


49' 


2.6910S1 


2.691 170 


2.6,1.58 


2.6,, 347 


269.43; 


88 


49* 


1.69196s 


2.692053 


..69.,42 


..6,2.30 


2.692318 


88 


493 


1.69.8+7 


2.69.93s 


2.6,3023 


2.6,3.,, 


2.6,31,, 


88 


49+ 


!.6937.7 


Jgssij 


..693903 


2.6,3,,, 


..6,4078 


88 


49S 


j.«946os 


2.69JS6, 


.6,478, 


2.6,4868 


..6,4956 


88 


_J26 


2.69;+!. 


2.6,5657 


*-<'9S744 


2.6,5832 


»7 


49? 


..696JS6 


2.696444 


2.6,653, 


2,6966,8 


2.696706 


»7 


49> 


2.697229 


2,6973,6 


2.6,7404 


2.69749, 


2,697578 


87 


499 


2,698.00 


2.698,8s 


2.698275 


2.6,836. 


2.6,8448 


87 


(OO 


2.698970 


2.699057 


2.699,44 


2.699230 


2.6,93.7 


87 


JOl 


2.69,838 


2.699924 


.7000,, 


2.7000,8 


1.700,84 


87 


t" 


2.700704 


2.700790 


2.700877 


2,700963 


2,70.050 


86 


i°i 


2.701568 


2.70,654 


2.70174, 


2.70.827 


2.701,13 


86 


S»4 


2.702430 


2.70.5,7 


..70.603 


2.70268, 


2.702775 


86 


!°S 


2.703291 


"■70J377 


2.703463 


2703549 


2.703635 


86 


!« 


2.704150 


..704.36 


2.704322 


..704,68 


2.704494 


86 


427 


2.705008 


2.705094 


2.70517, 


2.705.65 


2705350 


86 


,08 


2.70586, 
2,70«7,8 


2.705949 


2.70603s 


2,706.20 


2.70620; 


'! 


S"* 


2706803 


2.706888 


2.706974 
2.707826 


2,7070s, 


»S 


S'O 


2.707570 


2.70765s 


2.707740 


2 70791. 


8; 


S" 


..70842, 


2.708506 


2.708;,, 


2,708676 


2,70876. 


85 


Si« 


.709.70 


■■709355 


2.70,440 


2,70,524 


..709609 


8S 


5>] 


..710117 




2.7,0287 


2.71037I 


..7.0456 


8S 


S'4 


..710963 


2!?,, 048 


2.7, ,,32 


271.2.6 


. 7.1JO. 


84 


S'S 


..71,807 


..71,8,, 


2.71,976 


.7.. 060 


2.712144 


84 


5,6 


..712650 


>-7'»73+ 


2.7,28,8 


..712902 


2.7.2,86 


84 


S'7 


»-7>349» 


2-7'3S74 


..7,3658 


27,3742 


2.7138.6 


»4 


S.8 


2.71,JJO 


*-7,44"4 


2.7,4407 


.7,458, 


1,714665 


84 


I>9 


2.7,5,67 


2.71525, 


2-7'533S 


2.7.5418 


2.7.5502 


84 


Sao 


2.716003 


2.716087 


2.716170 


2.716254 


.■7'6337 


8! 


S'" 


2.7,6tj8 


2.7,6921 


1.717001 


2.717088 


.■7'7.7i 


83 


S'« 


2.717670 


»-7i77S4 


"7I7>!7 


2.7179.0 


2.7.8003 


«J 


5>5 


2.7,8502 


2.7,858; 


2.71B668 


..7.«7S, 


..718834 


83 


!"4 


■-7I9SJ1 


»7'94'4 


..7,9497 


2.719S80 


2.719663 


1' 


S'S 


..720159 


..7*0242 


2.720325 


..7.0407 


2.7204,0 


"3 


!i6 


2.720986 


..7.1068 


..7., ,51 


..721233 


2.721316 


8. 


S»7 


1.72181, 


2.72,8,3 


•.7*'975 


..722058 


.7.2140 


8. 


!■« 


2.7.1634 


2.7227,6 


..72.798 


2.722881 


2 722963 


ft 


St 


".7*3+56 


2.7.3538 |.. 713620 
1 


2.7.370. 


•■7'37«4 


a. 





ftpm 1 to 10000. 


(•J3fr 






5 


• 6 


7 


8 


9 


Dif 




2.M797S 


2.6811064 


i.68Siij 


a.688^41 


z.biSiit 


»9 




tis 


1.68^^65 


2688955 


1.689041 


1.68,131 


iM^iU 


«9 




,19 


1.689753 


2.6893,, 


1.689,50 


i.6gooig 


J.690107 


89 




490 


2.^90639 


2.690727 


1690816 


1.690905 


J,690.}Ci3 


89 




49' 


1.691513 


2.6916,2 


1.691700 


1.691788 


2.691877 


as 




49* 


1,591406 


2.692494 


1.691583 


1.691671 


!. 691759 


88 




♦93 


!.69,!a; 


1.695375 


1.693463 


■•693551 


i,69j6j9 


8S 




+94 


2.6,4166 


2.694154 


1,694342 


■•694430 


1.6945(7 


88 




49; 


1.695044 


2.695,3, 


2.6952,9 


■•695506 


i.69jj9^ 


8B 




497 


2.6959rg 


2.696007 


2.6,6094 


1.696181 
■ .697055 




1- 




1.696,95 


1.696880 


2.69696S 


2.697141 




49« 


■.697665 


1.697751 


2.69783, 


■.697,^6 


3.69S013 


87 




499 


' '98)3; 


1.698611 


2.6,8709 


■.698796 


2.69SS8J 


87 




Soo 


1.699404 


2.6994?' 


1.699578 


■ .699664 


2.699751 


87 




SOI 


2700271 


1.700357 


1.700444 


1.700531 


1.700617 


87 




S02 


2.701136 


170H12 


1.701J09 


■ .701395 


1.70.481 


ib 




S"! 


2701999 


2.701086 


2.702171 


■.70^^s8 


Z.70E3H 


86 




iH 


2.702861 


1.701947 


••703033 


■ .703119 


8.703 20; 


!^ 




S0> 


2.703721 


1.703807 


1.70389) 


■•703979 


S. 704065 


86 




S06 


"■704S79 


1.70466; 


■•704751 


■•70,837 


1.7049" 


86 




;07 
SOI 


2.7054^6 
2.706291 


1705511 


2.705607 


■ •70569, 


1.705778 


85 




1.706376 


2.706462 


■ •7065,7 


1.706634 


y 




S09 


2.707144 


2.707129 


■•7073 '5 


■■707400 


'■7074«5 


8s 




Sio 


2.707996 


2.708081 


2.708166 


■•708151 


z.7o333(; 


!' 




S'i 


2.708846 


2.7089,1 


■ 709015 


■•709100 


z.yogi^s 


8j 




!H 


2.709694 


2.709779 


2.709863 


■•70,948 


1.710-033 


I' 




!•! 


2.710540 


1.710615 


2.710710 


1.710794 


2.710879 


>i 




SH 


2.71,385 


1.711470 


■■7"SS4 


■.711658 


J.7117ZJ 


84 




''1 


2.712229 


1.711313 


■•71*397 


I,7ii48i 


^■71201 


'4 




!16 


2.713070 


'•713154 


■.713238 


"•7133"^ 


'■71340=- 


8+ 




SI7 


2.71J910 


1.71399, 


■.714078 


■ .7i4i6^ 


1.714146 


!♦ 




j^H 


2.714749 


■•7'483> 


B.714916 


■.7,5000 


1.715084 


84 




!'9 


2.715586 


2.715669 


■•7'S7!3 


2.715836 


2.7i;9'o 


84. 




Sio 


2.716421 


1.716504 


2-716588 


■.716671 


1.716744 


83 




ja' 


2.7'72S4 


i.7'733S 


■•717421 


■•717504 


2717587 


f 




S" 


2.718086 


1.718169 


2718253 


■•718336 


2.718419 


83 




S>! 


3.748917 


1.719000 


■•719083 


■•7,9i6y 


17.9^48 


83 




S«4 


».7'9745 


1.719818 


2.719,,, 


■ .7199,4 


1.720077 


8 J 




S"! 


"•720571 


1.710655 


1.720738 


■ .7^o8^i 


1-7 20901 


83 




5.6 


•7»'39» 


1.711481 


2.71,563 


■ .7^i646 


2.;!i7iS 


8z 


!'7 


2.722212 2.72230; 


i.7i*387 


i.7^i469 


(.7275,-4 


84 . 


;>S 


2,723045 2713127 1.723109 


2.71329' 


* 7*33/4 


Si 


S19 '7>}»i6l'-7')Hil'-7'V>y> 


■.714IH 


J.7a4'94 «j 



r 



( 



^ 



) 



A Table of Logarithms, 



530 

532 

533 

534 

535 
536 

537 
538 
539 
540 

54' 
542 

543 
544 

546 

547 
548 

549 
5S0 

55« 

552 

553 

554 

555 

556 

557 

558 

559 
560 

561 

562 

563 
564 

565 
566 

567 

56« 

569 

570 
57« 
572 



I 



2.724276 

«-7«5094 
2.725912 

2.726727 

2.72754» 
2,728354 

2.729165 

2.729974 
2.730782 

^'73'589 
2.732394 
2.733197 

2 733999 
2.734800 

2735599 
2.736396 

2737«^ 
2.737987 

2.738781 

2.739572 

2.740363 

2.741152 
2.741939 
2.742725 
2.743510 
2.744293 
2.745075 
2.745855 
2.74^634 
2.747412 
2.748188 
2.748963 



2.749736 
2.750508 
2.751270 
2.752048 
2.752816 

*-755783 
2.754348 

2.755112 

*.755875 
2.756636 

2.757396 



»-7M35« 
2.725176 

2.725993 

2.726809 

2.727623 

2.728435 

2.729246 

2.730055 

2.730863 

2.731669 

2.732474 

2733277 
2.734079 

2.734880 

2.735679 

2.736476 

2.737272 

2.738067 

2.738860 

2.739651 

2.740442 



2.741230 
2.742018 
2.742804 
2.743588 

274437' 

2745 '53 

2745933 
2.746712 

2.747489 

2.748266 

2.749040 

2749814 
2.750586 

2.754356 

2.752125 

2.752893 

2.753660 

2754425 
2.755189 



75595' 



2.. . 

2.756712 

2757472 



724440 
725258 
726075 
726890 
727704 
728516 

729327 
730136 

730944 
73'750 



732555 
733358 

734' 59 
734960 

735758 

736556 
737352 
738146 

758939 
739.730 

740521 



741309 
742096 
742882 
743666 

744449 

74523' 
746011 

746790 

747567 

748343 
749118 



749891 
750663 

75'433 
752202 

752970 

753736 

75450' 
755265 
75602*7 

756788 

757548 



2.724522 
2.725340 
2.726156 
2.726972 

2727785 
2.728597 

2.729408 

2.730217 

2.731024 

?Z3JL?3o 

273263! 

2733438 
2.734240 

2.735040 

2.735838 

2.736635 

273743' 
2.738225 

2.739018 

2.739810 

2740599 
2.741388 
2.742175 
2.742961 

2743745 
2.744528 

2.745309 

2.746089 

2 746868 

2747645 
2.748421 

2749£95 
2.749968 
2.750740 
2.751510 
2.752279 
2.753047 
2.753813 

2754578 

2755341 
2.756103 

2.756864 

2.757624 



4 Difl 

2.724603 82 

2.725421 82 

2.72623b 82 

2,727053 8i 

2.727866 8t 

2.728678 81 

2.729489 81 

2.730298 81 

2.731105 81 

2.731911 81 

2.731715 80 

2.733518 80 

2.734320 80 

2.735120 80 

2.735918 80 

2.736715 80 

27375" 79 

2.738305 79 

2739097 79 

2.739889 79 

2.740678 79 

2.741467 "79" 

2.742254 79 

2743039 78 

2.743823 78 

2.744606 78 

2745387 78 

2.746167 78 

2746945 78 

2.747722 78 

2748498 n 

2749272 77 

2.750045 77 

2,750817 77 

275»587 77 

2752356 77 

2753^»J 77 

2.753889 ^^ 

2.754654 77 

2.755417 76 

2.756180 76 

2.756940 76 

2.757700 76 

J ' 



from I to loooo. 



:35 



(W 



I 



530 

53« 
53* 
S33 
53+ 

S3S 

536 

537 
538 
539 

540 

54" 

54» 

543 

544 

545 
546 

547 
548 
549 
550 

55* 
552 

553 

554 

555 

556 

557 

558 

559 
560 

562 
563 
564 

565 
S66 

567 

568 

569 

570 

S7^ 



2.724685 

*7*5503 
2726320 

«-7*7 1 34 
2.727948 

2,728759 

2.729570 

2.730378 

2.731186 

2.731991 



2.732796 
2.733598 
2 734400 
2.735200 
2.735998 
2.736795 
2.737590 
2.738384 
2.739177 
2.739968 

»'74Q757 
2.74154O 
2.742332 
2.743118 
2.743902 
2.744684 

*745465 
2.746245 

2.747023 
2.747800 
2.748576 

g'74935Q 
2.750123 
2.750894 
2.751664 

*-75«433 
2.753200 

2.753966 

*.754730 

2-755494 
2.756256 

2.757016 
*.757775 



a.7i4767 
2.725585 

2.726401 

2.727216 

2.728029 

2.728841 

2.729651 

2.730459 

2.731266 

2.732072 

2.732876 
2.733679 
2.734480 
2.735279 
2.73607 d 
2,736874 
2.737670 
2738463 
2.739256 
2.740047 
2 740836 



2.741624 
2742411 
2743196 
2.743980 
2.744762 

«-745543 
,2.746323 

2.747101 

2.747878 

2748653 

2j7494i7 
2.750200 
2750971 
2751741 
2752509 

*'7S3V7 
2.754042 

2.754807 

«75557o 
2756352 

2757092 

2757S51 






2.724849 
2725667 
2726483 
2.727297 
2.7281 10 
2.728922 
1729732 
2730540 

«-73>347 
2732152 

2732956 

2.733759 
2.734500 

2-735359 
2736157 

2.736954 

2-737749 

2.738543 

2739335 
2.740126 

274091J 

2741703 
2.742489 

2.743275 
2744058 

2.744840 

2.745621 

2.746401 

2.747^79 

2-747955 
2.748731 

27495Q4 
2.750277 
2751048 
2.751818 
2.752586 

2.753353 
2.754119 

2.754883 

2.755646 

2.756408 

2.757168 

2757927 



8 



2724931 
2.725748 
2726564 

2-727379 
2.728191 

2.729003 

2.729813 

2.730621 

2.731428 

2732233 

2.733037 

2-733839 
2.734640 

^-735439 
2.736237 

2737034 
2737829 

2.738622 

^739414 
2.740205 

2740994 
2.741782 
2.742568 

2-743353 
2744130 

2.744919 

2.745699 

2.7^6479 

2.747256 

2.748033 

2.748808 

2749582 

2.750354 
2751125 

2751895 

2752663 

2753430 

27S4»95 
2754960 

2755722 

2756484 

2757244 
2758003 



2.725013 
2725830 
2,726646 
2727460 
2.728273 
2.729081 

2729893 
2.730702 

2.731508 

27323^3 

2733117 

2733919 

2734720 

27355»9 
2.736317 

2737113 

2737908 

2.738701 

2739493 
2.740284 

2.74'073 

2.741860 
2.742647 

2.74343* 

2.74421 s 

2744997 

2.745777 
2.746556 

2.747334 

2.748110 

2.748885 
2.749659 

275043* 
2751202 

2.751972 
2752740 

2753506 

2754272 
2.755036 

2.755799 
2.756560 

2757320 
2758079 



Dif 



82 
82 

82 

61 
81 
81 
81 
81 
81 
81 



80 
80 
80 
80 
80 
80 

79 
79 
79 
79 
79 



79 
79 
78 
78 
78 
78 
78 
78 
78 
7; 



7: 
7: 
7: 
7: 
7: 
7: 

76 



( »f ) A Table of Logarithms, 


J7J 





I 


2 


3 


4 


Dif 


1,758155 


..758230 


2.758306 


«.7583a2 


2.758458 


76 


!7» 


i.7;8gi2 


2.758988 


2.759063 


2.759139 


2.7592.4 


76 


S7J 


..7;9668 


a-7S974J 


2.759819 


'■759894 


2.759970 


7S 


i7S 


1.760411 


2.760498 


2760573 


2.760649 


2,760724 


75 


577 


z.76„y6 


2.761251 


2.761326 


a.761402 


2.761477 


75 


S7« 


^,7619*8 


2.761003 


4.762079 


2.762.53 


3.761218 


75 


S79 


2.761679 


2.762754 


i.7628«j 


i.76»904 


«.76>978 


7S 


S«o 


2.763418 


2.763503 


i.763S7( 


2.763652 


2.763727 


75 


i8, 


2.764.176 


2.764251 


2.764326 


'■764400 


2.764475 


7S 


;!. 


1.764913 


2.7649^8 
'■765743 


^.76507* 

2.765818 


2.765147 


2.76522. 


"tT 


i»3 


1.765669 


2,765892 


J.765966 


!»4 


J.76641J 


2.766487 


2.766562 


2.766636 


2.7667.0 


74 


jSi 


2767156 


2.767230 


2.767304 


^■767379 


'•7i74!J 


74 


5S6 


2.767898 


2.767972 


2.768046 


2.768.20 


2.768.94 


74 


S87 


2768*38 


2.7687.2 


2.768786 


2.768 B60 


1.768934 


74 


S83 


2.769377 


2769451 


2.769525 


2.769599 


2.769673 


74 


;89 


2.7701 1 J 


2.770189 


2.770263 


2.770336 


a. 7 70410 


74 


S90 


2.770852 


2.770926 


2.770999 


2.771073 


•.771146 


74 


!9' 


».77is87 


2.77«66i 


2.771734 


2.77r8o8 


i.77i8(i. 


73 


59^ 


2.77.322 


'■77*;9J 


2.772468 


'■77'54' 


2.772615 


73 


S94 


'■77ioS? 


177342a 


2.773201 


'■773'74 


'.773348 

2.774079 


_7L 
73 


2.773780 


2.773860 


'-773933 


'.774005 


S9S 


i-774-S'7 


2 774SSO 


2.774663 


2.774736 


2.774809 


73 


S9« 


I.77SH6 


'■77SM9 


2.77fj9i 


'■77i46s 


'■-75538 


73 


19? 


^■775974 


2.77t'047 


2.776.20 


2-776193 


2.776265 


73 


S58 


2.776701 


2.776774 


2.776846 


2.7769.9 


2.776992 


73 


S99 


2.777427 


*-777499 


2.777572 


2777644 


2.777717 


7' 


600 


i.778'S' 


1.778124 


1.778296 


J.778368 


'■77844' 


72 


601 


2.778874 


2.778947 


2.779019 


2 779091 


2.779.63 


7' 


60! 


2.779;9'5 


2.779669 


2.77974. 


'■779813 


2.779885 


7' 


603 


Z.780JI7 


2.780389 


2.78046. 


2.780533 


2.780605 


7' 


604 

fioj 


2,7810)7 


J.7S1109 

2.7B1827 


3.78.1a. 


».7Br2S3 


2.781324 


7' 


1.78.755 


2.7 H 1899 


2.781971 


2.782042 


7* 


606 


2.782473 


2782544 


27B2616 


2.781688 


2,782759 


7' 


60J 


2.783189 


1.783260 


2.783332 


2.783403 


'783475 


7' 


60a 


2.783904 


2-783975 


2.784046 


1.78+M8 


2.784189 


7' 


609 


t.784617 


2.784689 


2.784760 


'■784831 


1.784901 


7' 


610 


1.785330 


2.785401 


2.78547* 


'■7^SS43 


'.7846.5 
2.786325 


7' 


611 


2.786041 


2.786.. 2 


2.786.83 


2.7*6254 


7' 


6ti 


2.78675. 


i.786822 


2.786893 


2.786964 


'■787035 


7' 


61J !.78746o 


'•78753' 


3.787602 


2-787673 J.787744 


7' 


61+ 1.788168 


2788239 


2.7883,0 


2.7«83>i 2.788451 


7' 


615 1.78887s 1.783946, 


2.789016 


l.78>o«7 2.789157 


7' 



from I CO loooo. 






573 
574 

575 
576 

577 
578 

579 
580 

58« 

583 
584 

585 

586 

587 
588 

589 
590 

59» 
59« 
593 

594 

595 

596 

597 
598 

599 
600 

601 

602 

603 

604 

605 
606 
607 
608 
609 
610 
611 
612 

615 

644 
615 



^•758533 
2.719290 

2.700045 

t.760799 

2.761552 

2.762303 

2.763053 

2.763802 

2.764550 

2.765296 



2.766041 
2.766785 
2.767527 
2.768268 
2.769008 
2.769746 
0484 
1220 

^955 
2688 

3421 



I 



2. 
2. 
2. 
2. 
9. 



a, 

2. 
2. 
2. 
2. 

2. 
2. 
2. 

2. 
2. 
2. 



2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 



4152 
4882 
5610 
6338 
7064 

7789 
8513 

9236 

9957 
80677 

81396 



82114 
82831 
83546 
84261 

84974 
85686 

86396 

87106 

87815 
88522 

89228 



2. 

2. 
2. 
2. 
2. 

2« 
2. 
2. 
2. 

2. 

2. 

2. 
2. 
2. 
2. 
2< 
2. 
2, 
2. 
2. 
2. 

2. 
2. 
2. 
2. 
2« 
2. 

2. 

a. 

2. 
2. 



M» 



74225 

74955 
75683 

76411 

77^37 
77862 

78585 

79308 

80029 

80749 

81468 



82186 
82902 
83618 

8433a 
85045 

857|7 
86467 

87177 
87885 

88593 
89299 



m 



M« 



2,758685 

2.759441 

2.760196 

2.760950 

2.761702 

2.762455 

2.763203 

2^763052 

2.764699 

^76544$ 
2.766190 
2.766933 
2.767675 
2.768416 
2.769156 
2,769894 
2.770631 
2.771367 
2^772102 
2.772835 

g'7735^7 
2.774298 
2,775028 
2.775756 
2.776483 
2.777209 

2777934 
2 778658 

2.779380 

2.780101 

2.780821 

2 781540 

2 782258 
2.782974 
2.^^83689 
2.784403 
2.785116 
2.785828 
2.7^6538 
2.787248 

2.787956 
2.788663 

2.7^9369 

£ 6 a 




2 
2 
2 
2 
2 
2. 
2 
2 
2 
2 
2 



758761 

7595*7 
760272 

761025 

761778 

762529 
763278 
764027 

764774 
765520 



766264 
767007 

767749 
768490 

769230 

769968 

770705 

77 1440 ( 

77**75 
772908 

773640 



77437" 
775100 

775829 

776556 

777282 

778006 

778730 
779452 
780173 
780893 
781612 



782329 
783046 
783761 

784475 
785*87 

785899 
786609 

787J19 
788027 

788734 
789440 



2.758836 
2.759592 
2.760347 
2.761101 
2.761853 
2.762604 
2.763353 
2.764101 
2.764848 

2765594 
2.766338 
2.767082 
2.767823 
2.768564 
2.769303 
2.770042 
2.770778 

277*5*4 
2.772248 

2.772981 
27737*3 

2774444 

2775*73 
2.775902 

a.776629 

2777354 

2778079 
2.778802 

2.779524 

2.780245 

2.780965 

2.781684 

2.782401 
2.783 1 17 
2.783832 
2.784546 
2.785259 
2.785970 
2.786680 

2787390 
2.788098 

2.788804 

2789510 



L 



76 
76 

75 

75 
75 
75 
75 
75 
75 
75 

74 
74 
74 
74 
74 
74 
74 
74 
73 
73 
73 

73 
73 
73 
73 
73 
72 
72 
72 

72 
72 
72 

72 
7^ 
7* 
7* 

7* 
7* 
7' 
7* 
7* 
7* 
7« 



riMT 



(«£>') A Table of Logirithms, { 


N» 





I 


2 


3 


4 


bif 


616 
617 

61 B 
6,, 
610 
621 
62a 
6.3 
61, 
6., 


<.7»9s8i 
2.790«8s 
1.790981I 
2.791691 
1.792392 
2.79J092 
2.793790 
2.79M»» 
2.79518; 
2.795880 


>.7896s. 
1.790356 
1.7910S9 
2.79176. 
2.792462 
2.793162 
2.793860 
2.794SSK 
*-79S»54 
2.79S949 


(.789721 
t.790416 
2.791 129 
1.791 Bj I 
«-79»S3» 
2.793231 
2.795930 
2.794627 
^•79S»»4 
2.79t»i9 


1.7B9792 
a.790496 
1.791.99 
2.791901 
2.792602 

2.79JJ01 
2.794000 
2.794697 
*-79S393 
2.7,0088 


1.789863 

1.790J67 

2.791 >»9 
1.791971 
2.792672 
2.793371 
1.794070 
1.794767 
2.795463 
2.79bis8 
1.796852 

2.791917 
2.7996,6 
2.800305 
2.800992 
1.80,678 
2.80136s 
2.803047 
1.803730 


70 
70 
70 
70 

i 

69 
1' 

J' 

J' 
69 

65 

6l 
68 
68 


bit 
6.7 
628 
6., 

P' 

!" 
6jt 


2.796574 
2.79726B 
2.797960 
2.79165, 
2.799341 
2.800029 
2.800717 
2.801404 
2.B01089 
2,802774 
2.803,57 


2,796644 
'.7973J7 
2,798029 
2,7987*0 
2,799409 
2,800098 
1.800786 
2,801472 

2,g02i;)$ 

2.802S42 
«.8oj!2, 


.796713 
.797406 
.79li098 
2.7987a9 
■799478 
.800166 
..800854 
1.80154. 
.802216 
.802910 
.803594 


2.7967B2 
*-797+7S 
2.798167 

2.798851. 
"■799S*7 
2.800236 

1.80129; 
2.802979 
2.B03662 


6J7 
638 
639 
640 

t*' 

1:1 

6+9 
640 


2.804139 
2.804821 
2.805501 
2.So6;8o 
2.806858 
2.807535 
2.E08211 
2.808886 
2.809560 
1.810232 
2.810904 


2.804108 
2.804889 
2.80s J69 
1.80624B 
2.806926 
2.807603 
2.808279 
2.808953 
1.809627 
2,810300 
2.810971 


.804276 
2.804957 

.806316 
2.806994 
1.807670 
1.808346 
1.809021 

1.810367 
1.811038 


2. 804344 
2.805025 
1.805705 
1.806384 
2.807061 
2.807738 
1. 808414 
2.809088 
2.809762 
2.810434 
2.Bino6 


1,8044.1 
1.805093 
1.805773 
2.80S45, 
a.807119 
2J07806 
2.80848, 
2.80915s 
2.8098.9 
1.8,0501 
1.811173 


68 
68 
68 
68 
68 
68 
67 
67 
67 
67 
67 


2.8,1575 
2.812145 
1.81 291 ! 
2.8,3581 
2.814248 
2.8,491, 
2.815578 
2.81624, 
a.8,6904 


2.811641 
2.8123.2 
2.812980 
2.813648 
1.S14314 
2.814980 
2.815644 
2.816308 
2.816970 
2.817631 
1.818292 


2.81 1709 
1.812378 
2.813047 
1.813714 
1.814381 
1.815046 
1.815710 
1.816374 
1.817036 
1.817698 
1.8.8358 


2.811776 
2.811445 
2.813114 
1.81378. 
1.8 14447 
1.815113 
2.815777 
2.816440 
2.817.01 
2.817764 
i.8i«4*+ 


2.811843 
2.8125,1 
1.813180 
1.813848 
1.814514 
1.8.5179 

i!8i65ol 
1.8.7169 
2.817830 
i.a.«490 


67 

67 

?6 
66 
66 
66 
66 
66 



from I to lojoo. 



( ♦»«•) 



■« 4 



446 
447 
44« 
4t9 
45^ 
45^ 
45^ 
4^3 

454 

455 

456 

457 
45H 

459 
460 

461 

462 

4^3 

464 

4^5 

466 

467 
468 
469 

470 
471 
47* 
473 
474 
475 

476 

477 
478 

479 
480 

481 

482 

4IB3 
484 

485 
486 



1 647872 
2.648848 
2.649821 

2.650793 
2.6^-1762 

2.652730 

2653695 

2.654658 

2.6^5619 

2.656577 



2.657534 
2.658488 

2,659441 

2. 6:20391 

2.661339 

2.662285 

J2.6ft3230 

2.664J72 

2.665112 

2.666o;c 

2.6669*06 



2.6*.792o 
2668852 
2.669782 
2.670710 
2 671636 
2.672560 
2.673482 
2.674402 
2.675320 
2.676236 
2.677150 



2.647'y&9 
2.64S915 
2.649919 
2.650890 
2.6318^9 
2.652826 
2.65379J 
2 654754 
2.655714 
2.656673 



2.65762^ 
2 658584 
2.659536 
2. J '.^04 86 
2 661434 
2.662380 
2 663324: 
2.664266 1 
2.^.05206,' 
2.665x43 i 
2.667C7(j 



8 



2.678063 
2.678973 
2.679882 
2.680789 
2.681693 
2.682596 
2.683497 
2.684396 
2.685294 
2.68618Q 
2.^87083 



2.668013 ; 

2 668945 j 

2.669874 

2.670802 

2.671728 

2.672652 

^•<^73?74 
2.674494 

2.675412 

2.676328 

2.677242 



2.678154 
2.679064 
2.679973 
2.680879 
2.6817^4 

2 6826S6 
2,683587 
2.684486 
2.685383 

2.686^79 
2.687172 



2 648067 
2.649043 
2.650010 
2.650987 
2.651956 
2.652923 
2.653888 
2.654850 
2 655810 
2.656769 

2.657725 
2.658679 
2.659631 

2.66;;58l 
2. 661529 
2.662474 
2.663418 

2 6{'436c 
2.665299 
z 6^.6257 
2.66717? 

2 668ic6 

2.669038 

2. 669967 

2.670895 

2.67182X 

2.672744 

2.673666 

2.674586. 

2.675503 

2.676419 

2.67733^ 

2.678245 
2.679155 
2 680063 
2.680970 
2.681874 
2 682777 
2.683677 
2.684576 
2.685473 
2 686308 
2.687261 



2.()48i65 

2.649140 

2.65^113 

2.651084 

2.652053 

2.653019. 

2.6539S4 

2.654946 

2.655906 

2656864 

2.^5782o 
2.658774 
2.659726 
2.660(376 
2.661623 
2.662569 
2.663512 
2.664454 
2.665393 
2.666331 
2.667260 

2.668199 
2.669131 
2 670060 
2.670988 
2.671913 
2.672S36 
2673758 
2.674077 
2.67(f595 
2-676511 
2 677424 

2.678336 
2.679246 
2.680154 
2.68ic6o 
2.68 1964- 
2.682867 
2,^83767 
2 684666 
2.^85563 
2.686457 
2.687351 



Dif 



2.648262 

2.649X37 

2.650210 

2.651181 

2 652150 

2653116, 

2.654080 

2.655042 

2.656002 

2.656960 

2.657916 
2.658870 

2,-'''59'i2l 

2.660771 
2.661718 
2.662663 
2.663607 
2.664548 
2.665487 
2.660424 

266735Q 

2.068293 
2.669224 

2.670153 

2.671080 
2,672005 
2.672929 
2.673850 

2.674769 

2'.675687 
2.670602 
2.:77^i6 

2.678427 

2.679337 
2.689245 
2.681 151 
2.682055 
2.682Q57 

2.68.^857 
2.684756 

2 6SJ652 

2 63.*»q47 

2.6: 7440 



98 

97 

97 

97 

97 

97 
96 

96 

96 

96 






90 

95 
95 

95 
95 
95 
94 
94 
94 
94 
94 



93 

93 

i^3 

93 

93 
92 

92 

9* 
9* 
92 

9" 



9' 

9» 

91 
91 

90 

90 

90 

90 
o 

9 

89 



I 



i*WI 



■ JI " W^ 



^./. 
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( *^i A Tabic of Logarithms, 




Ado 
l66i 
6Gi 

tl 

Si 

fd 
J65 
670 
67, 
672 

678 

«77 
67! 
_679 
680 
6S1 
6Sz 
68j 
684 
6«5 
6!t6 
687 
688 
689 
6go 

■j5T 

6,; 
694 
J9! 
691, 
697 
6,8 
699 

701 





I 


Z 


s 


4 


Dif 




Z.319541 

2.Bl010i 

2.8^08(8 
«.8..5,j 
2.821U.8 
r.8ji8«i 

'■■l'"-i 
1.8141Z6 

2.S.4776 


>.8i89s. 
2.8,9610 
2.820267 
2.S20924 
2821579 
28222,, 
2.822887 
2.8235,9 
2.8.4191 
2.8.4841 


2.B19017 
2.81,675 
2.8.0J3, 
..820989 
2.8.1644 
2.8.2299 
2.S22952 
2.82,605 
..824256 
..S.i^oO 


2.81,08, 
2.819741 

2.8203,8 

2.82,055 
2.8.1710 

..822,64 
2.82,017 

2.82,670 

2.824,21 

2.824971 


..819149 
. 819807 
2.B20464 
2.821120 
.821775 
2,8,2450 
2.82308) 
2.82,7,5 
2.824,80 
2.825036 


60 
66, 
66, 
U 

il 

u 

65. 
65. 

64, 
64 
641 

64, 
64 
64 
J± 
64 
64 
64. 
64 

tl 
<•! 
'3 

6, 


1 


2.815420 
2.82607; 
2.826722 
2.8.7369 
2.82801; 
2.828660 
2.829304 
2.829947 
2.830589 
2,83,230 
2.831870 


..8.549, 
2.826140 

2.826787 
..8274,4 
2.8.8080 
=.8287!, 
2.8.9,68 
..S30011 
2.83065, 
2.8,1294 
2.8,1934 


..825556 
..8.6.04 
..8.6852 
2.8.7498 
..82814, 
2.828789 
..8.,4,, 
.830075 
2.8,07,7 
2.851,58 
..83,9,8 


2.C25621 
..820269 
2.826,17 
2.827563 

2.828209 

■.82885, 
2.8.9457 

.8301,9 

.8,0781 

.8,14.2 
.832062 


2.8.;6S6 
..8.0,3, 
2826981 
28276.8 
2.8.827, 
2.828,, b 
2.82956, 
2.830.04 
2.8,0845 
28,1480 
2.8,2125 




2.832509 
«.»3J'47 
2.8,3784 
2.83442, 
2,8,5056 
2.83569, 
2.856524 
2.8,6957 
2.837588 
.838219 


2.83257, 

2.8„2M 
2.8,3848 
..8,4484 
2.8,5120 

2.8,5754 
..8,6,87 
..837020 
2.8,7652 
..»;8.8. 
2.85B912 


..8,2637 
2.8,3275 

2,«„912 
2.8345,8 
..83518, 

..S,jSi7 
-.8,645, 
..83708, 
■S377'! 
.838345 
,1,897; 


.«52JOO 

■83333' 

■8,3975 
.83,611 
.835.46 
.8,588, 

8,65,4 
.«,7,46 

837778 
.8,8408 
.8390,8 


28,276, 
2%a,3402 

2.834039 
..834675 

■83;3>o 

.8359*4 
.■8,6577 
2,8,7209 
.■8378,1 
.■8,847, 
.8„io. 




,8,9,;i 
,8+0106 
.840733 

■»4i3 59 
.841985 
.841609 

.843855 

■84447: 

.845098 

.845718 


..8„5,, 
.840169 
.840796 
2.84,42. 

842047 
.84.672 

«43=9t 

84,9,8 
■S44S39 

845160 
.845780 


,859604 
,8402,2 
,8408;, 
.841485 
.842110 
.84=734 
■"43337 
,843980 
,84,601 
.845222 
.84584. 


8,9667 
.840294 
.840,2 1 
■841 (47 
.842172 
■ 842796 
■84,4.0 
.844042 
.84466, 
.845.84 
.845904 


2.8,9729 
2.840357 
2.840984 
2 84,610 
2.842.35 
.84.859 
.845482 
2,844.02 
28447.6 
2.8,5,46 
..845966 


!' 
^' 

6i 
6« 
61 
6t 
6j 
62 
6z 





from I to loooo. 



7T5Z3fT 



,N' 



659 
660 
661 
662 
663 
(S64 

66^ 
666 
667 
668 

669 
670 
671 
672 
673 

674 

675 

676 

677 
678 

679 
680 
681 
682 
683 
6S^ 
685 
686 
687 
688 
689 
690 

691 
692 
693 

^4 

§1 

697 
698 
699 
700 
• 701 



I 



2.819215 
2.819873 
2*820530 
2.821186 
2.821841 
2.822495 
2.823148 
2.823800 
2.824451 
2.825101 



2.825751 
2.826399 
2.827046 
2.827692 
2.828338 
2.828982 
2.829625 
2.830268 
2.830909 
2.831550 
2.832189 



2.832828 
2.833466 
2.834103 
2.834.738 

2-83'3 373 
2.836007 

2.836640 

2.837273 

2,837904 

2.838534 

2.839164 



2.839792 
2.840420 
2.841046 
2.841672 
2.842297 
2.842921 

a-843544 
2.844166 

2.8447M 

a.845408 . 

' ■ I > I Jill 



2.819281 
2.819939 
2.820595 
2.821251 
2.821906 
2.822560 
2.823213 
2.823865 
2.824516 
2.825166 



2.825815 
2.826464 
2.827111 
2.827757 
2.828409 
2.829046 
2.829690 
2.830332 
Z.830973 
2.831614 

2'83^^$3 
2.832892 
2.833530 
2.834166 
2.834802 

2-835437 
2.836071 

2 836^04 

2.837336 

2.837967 

2.838597 

2.839227 

2^8398^ 
2.840482 
2.841 109 
2.841735 
2.842360 
2.842983 
2.843606 
2 ~ 



819346 
820004 
820661 
821317 
821972 
822626 
823279 
823930 
824581 
825231 



825880 
826528 
827175 
827821 
828467 
8291 1 1 
829754 
830396 
831037 
831678 
832317 



832956 

833593 
834230 

834866 

835500 

836134 

836767 

«37399 
838030 

838660 

839289 



8 



2.819412 
2.820070 
2.820727 
2.821382 
2.822037 
2.822691 

2*8'23344 
2,823996 
2.824646 
2.825296 



839918 
840545 
841 172 

84»797 
842422 

843046 

843669 



2.825945 
2.826593 
2.827240 
2.827886 
2.828531 
2.829175 
2.82981S 
2.830460 
2.83IIO2 
2.831742 
2.832381 

2.833019 
2.833657 
2.834293 
2.834929 
2.835564 
2.836197 
2.836830 
2.837462 
2.S38093 

2.838723 ; 

2.839981 
2.840608 
2.841234 
2.841860 
2.842484 
2.843108 

a«4373» 

M443$3 

* ^74 

-I 



819478 
820136 
820792 
821448 
822103 
822756 
823409 
824061 
824711 
825361 



826010 
826658 
827305 
827950 
828595 
829239 
829882 
830524 
831166 
831806 
832445 



833083 
833721 

834357 

834993 
835627 

836261 

836893 

2837525 

2,838156 

2 838786 

2.839^15 



2.840043 
2.840671 
2.841297 
2.841922 
2.842547 
2.843170 
2.843793 
2.844415 
2.845036 
2.845656 
2.846275 



Dif 

66 
66 
66 
66 

65 
65 
6S 
6$ 

6+ 
64 
6+ 

64 
«4 
64 

ii 

6+ 

64 
64 
64 

63 
63 

63 
63 

«>3 
63 
63 
63 

62 

62 

I 62 

62 

62 

62 

62 






^^H 


^M 


kA.^^^^H 






^^^H 




■ 


^^1 


K. 


-^ 




■ 


r 






1 
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70* 





I 


2 


,-! 


4 


Dif 


'■»»')>; 


..84b,v9 


2.8,646, 


2.8,652, 


.8,658, 


6j 




703 


"■8*09!! 


2.8470,7 




8,7079 


2.8,7,,, 


■8,720. 


62 






70+ 


'■H!S7> 


2.847634 




8,7696 


..8,7758 


.8,78,9 


61 






705 


..8t8.S9 


2.84825, 




8,8,,. 


..8,8,7, 


.8,8,35 


62 






706 


2.8,88oj 


2.848866 




8+8928 


..8,8,8, 


.8,905, 


6j 






707 


1.849419 


2.849481 




849!4> 


..8,960, 


.8,9665 


61 






70S 


i.Ssoojj 


2.850095 




850,56 


..8502,7 


.850.79 


61 






70q 


•..550646 


2.850707 




S50769 


..8501,0 


.85PS9, 


61 






710 


..«s,2sa 


2.85,3,9 




8j,,», 


285,44. 


■ 85,503 


61 






7" 
7" 


=•«!'»"■ 


2.85,93, 




85,992 


2.8,2053 


..852,1, 


Gi 




.,»S.4«o 


..852(41 




852602 


2.85266, 


.85.72, 


6r 




71J 


•.S;jo89 


..sis'so 




85,2,, 


..as,.7. 


.85,353 


61 






7'4 


2.853698 


2.8,3759 




853820 


..85,88, 


85394' 


(ji 






7'i 


2.854506 


2.85,367 




8!44»? 


..854488 


.854519 


61 






7.6 


2.854913 


2.85,974 




85SO!, 


2.8550,5 


.855,56 


61 






7'7 


2.855579 


2.855580 




8556,0 


2.85570, 


..»SS76, 


f.o 






718 


2.850124 


2.856185 




8562,5 


2.856306 


.856,66 


60 






719 


2.856729 


..85678, 




856350 


2.8579,0 


.856,70 


60 






jao 


2.857332 


..857393 




«!745J 


2.8575,3 


■857574 


60 






7*1 


2.«i-93> 


i.857995 




858056 


2.8581,6 


858,76 


60 






7^' 


2.8585,7 


..8585,7 




858657 


2.8,87,8 


.858778 


60 
60 




7*3 


2.859.38 


2.859,98 




«S9.5« 


2.«i9,,a 


.»S9J78 




714 


2.859739 


..859798 




869858 


2.8599,8 


.859978 


60 






7*S 


2.860338 


1.86039a 




860,58 


2.8605,8 


.860578 


60 






7.6 


2.860937 


.860996 




86,050 


..86,1,6 


.86, ,76 


60 






7»7 


2.86,534 


2.86,594 




861O5, 


..86,7,4 


286,773 


60 






728 


2.862,,, 


t.86.,9i 




162,5, 


2.S6.,,o 


.861370 


60 






729 


2.862727 


..862787 




86.8,7 


2-86.906 


1.862966 


60 






7J0 


2.S6331J 


2.86,382 




863«2 


2.86350, 


..86356, 


59 






731 


2.8639,7 


2.863977 




8640,6 


..864096 


2.864155 


S9 






7S» 


2.8645,1 


2.86,570 




8646,0 


..S646S9 


..864748 


!9 






734 


2.865,04 


2.865,63 




865... 1 (.86518.1 


..865,41 


}9 




2.865096 


'.865755 




865814 [2 865873 1 


..86593, 


S9 




7JS 


2.866287 


1.866346 




866,05 


2.866,65 


2.8665.4 


59 






736 


2.866878 


2.8669,7 




866996 


..867055 


1.867, ,4 


59 






737 


2.867467 


..8675.6 




86758) 


2.867644 


..86770, 


S9 






738 


2.B68056 


2.8681,5 




868n, 


2.8682,3 


2.868.9. 


S9 






739. 


2.8686,4 


..868703 




868762 


2.86882, 


.-86SS79 


59 






740 


2.869.5. 


..869.90 




869,49 


2.869,08 


2.869466 


59 






74' 


2.8698,8 


.-869877 




8699,5 


2.86999, 


2-870053 


S9 






74* 


2,870404 


2.870,6. 




8705., 


2.870579 


2.870638 


S« 


1 




74J 


2.S70989 


2.8710,7 




8711Q6 


..87,, 6, 


.87.223 


S8 




m 


744 


■•871!;! 


..87,631 


2.871690 


2-87,7,8 


..871806 


S8 


i 








L 





from I to loewG. ( «^) 


70J 


5 


6 


7 


8 


9 


Dif 

62 


2,846646 


..846708 


2.846770 


2.84683. 


..8468,3 


703 


2.847264 


.8473.6 


2.847JI8 


"•847449 


.84,511 


62 


704 


..S478!' 


.■847943 


..848004 


..848066 


2.8,81.7 


62 


70s 


2.84B497 


..84B55, 


2.8486.c> 


..848682 


".848,43 


62 


706 


2.849112 


..84,17, 


..849.35 


2.8492,6 


".8,9358 


61 


707 


2.849726 


..84,788 


"■84,845 


2.849,11 


..84997" 


61 


708 


z.8;0340 


2.850401 


.■8so.t6i 


.■8505.4 


..850585 


61 


709 


2.850952 
2.851564 


2.851014 


2.85107. 


2.B51136 


2.851157 


61 


710 


..8516.5 


2.851686 


"■85'747 


2.851808 


61 


7" 


..852175 


..85..36 


2.85.2,; 


2.852358 


2.852,19 


61 
61 


711 


2.852785 


..85.S46 


2.851,07 


2.852,68 


.853029 


713 


!.8S!394 


'■853455 


2.853511. 


.■853576 


"853637 


61 


7'4 


2.854002 


2.S54063 


..8541.4 


.■854,84 


2.854245 


61 


7'5 


2.854610 


..854670 


..85473t 


..854,92 


2.35485. 


61 


716 


2.855216 


.■855277 


'•'SS337 


2.8553,8 


..85545, 


61 


717 


2.855122 
2.856427 


2.855882 


2.855943 


2.856003 


2.856064 


60 


718 


2.856487 


2.8 56548 


2.85660B 


2.856668 


60 


7'9 


2.857031 


..857091 


..85715, 


2.857,1. 


2.857.7. 


66 


720 


2.857654 


2.857694 


'■8S77S4 


2.85,8,5 


..857875 


60 


7»i 


2.858.36 


..8582,6 


2.85835, 


2.858417 


2.8584,7 


60 


7^' 


2.858838 


..858898 


2.858,58 
2.85,55, 


..859018 


..859078 


60 


7*3 


2.859438 


..35,4,8 


..859619 


1.85,67, 


"6^ 


7*4 


2.860038 


..8600,8 


..860158 


..860218 


1.860.78 


60 


7«S 


2.860637 


..8606,, 


2.860757 


2.860817 


..S60877 


60 


726 


2.861236 


2.861295 


..86,3ii 


2.861415 


.861475 


60 


7^7 


2.86.833 


2.8618,3 


..861,51 


2.862012 


.861072 


60 


7.8 


..862430 


2.862489 


2.8625,, 


2.862608 


.862668 


60 


7*9 


2.8630.5 


.863085 


2.B6314, 


2.863.04 


.363263 


60 


730 


2.8636.0 


..863680 


2.863,35 


..86,7,8 


.86385B 


S9 


73' 


2.864214 


..864274 


..864333 


..8643,. 


.864452 


59 


73* 


2.864808 


..86486, 


..864,26 


2.864,85 


.865045 


59 


.221 
7J4 


2.865400 


..86545, 


2.86(5,8 


1.8655,8 


.865637 


59 


2.8655,. 


2.866051 


2.866110 


186616, 


.S66228 


59 


73S 


..866583 


2.866642 


2.866701 


1.86676a 


.866B1, 


S9 


736 


2.867173 


2.86723, 


2.867.61 


..867350 


.86740, 


S9 


737 


2.867762 


2.867821 


..8678,0 


1.867,3, 


.86,9,7 


59 


73» 


2.868350 


2.86S409 


..868488 


..8685i, 


.868586 


59 


739 


2.868,38 


2.8689,7 


3.86,056 


..86,114 


.86,173 


59 


740 


2.869525 


..86,584 


..86,64. 


..86970, 


.86,760 


55 


74' 


2.870 HI 


2.870170 


2.87022S 


1.870.87 


.870345 


59 


74» 


2.870696 


2.870755 


2.S70S13 


..87087. 


.870930 


58 


743 


2.871281 


2.871339 


2.8,13,8 1.8714561 


.8715.. 


744 
' 1 


2.871865 


..871,23 


2.S7198I 2,87.040 







(. ^£f J A Tabic of Logarithms, 


N" 





I 


2 


3 


+ 


Dif 


745 
?4^ 
747 
7,8 
749 
7 if 
7>' 
7S" 
7S5 
7S4 
75S 
7!' 
757 
7SS 
7i9 
760 
76, 
762 
7'3 

?6l 


..«7.'S6 
'.87!7!9 
2.«733<i 
2.873902 
2.87+48.- 
2.875061 
2.875640 
2.87621s 
2.87679; 
2.877J7. 
2.877947 
2.87^522 
2.879096 
2.a79f.69 
2.880242 
2.880814 
288,385 
2.881955 
2.88252, 
2.863093 
2.883661 


2.8,22,5 
2-8727,7 
2.873379 
2.873960 
2.874540 
2.875, ,9 
2.8756,8 
2.876276 
2.876853 
2.877,29 
2,878004 
2,s;85„ 
2,879,53 
<.87972« 
2,880299 
.,88o!7; 
..88,„2 
2,882011 
2,88258, 
2,883,50 
.,!8J7,« 


.87.855 
•S73437 
87,0,8 
.87,5,8 
.875,79 
.875756 
.875333 
.876,10 
.877486 


.87233, 
.87.9,3 
.873,93 
,87,076 
.874656 

2.875233 
■875813 
.87639, 
.876,68 

■-877M4 


.87238, 
.872,7, 
•87!ii3 
■874,34 
■8747'4 
■ 8752,3 
.8; 58,. 
•876449 
.8770.6 
.877602 


ii 
38 

S8 

58 
!« 


.B78062 
.878637 
.8792,, 
■879784 
.880355 
.880928 

.88, ,9, 
.882069 
.8S2638 
.883207 
.88.775 


2.8781 19 

2.8786,4 
.879268 
2.87,84, 
2.8804,3 
2.830,8; 
2.88,556 
2.8.2,26 
..88.6,5 
2.8SJ264 
..8838,. 


2.878177 
.878-51 
•8793.3 
2,87,8,8 
2.880,7, 
.,8810,2 
2 8',,5i3 
2.882,83 
2.88.75 = 
2.88,3.1 
..SSjSS, 


!7 
57 
!7 
S7 
57- 
57 
S7 
57 
57 
S7 
57 


7(,i. 

767 

769 

770 
77' 
772 
77! 
774 
77S 
770 


2.884229 
2.S84795 
2.88556, 
2.885926 
2.886,91 
2.887054 
.887617 
2.888,7, 
2.88874, 
2.889302 
2.889862 


2.884285 
2.884852 
2.88;, ,8 
2.885,83 
2.886547 
2.887,,, 
2.887673 
2.88S236 
2.8887,7 
2.88,358 
..B890,! 


.88,34. 

.8B490, 
1.885,7, 

.386039 

,886605 
2.887,67 
2.887730 
2.8B829. 
..888853 
2.8894,4 
2.88,974 


2 88,399 
2.884,65 
2.88553, 
2.886096 
2.886660 

2.88-22J 
..887786 
2.888348 
2.88890, 
2.88,470 
2.890030 


..88„S5 
Z.885022 
2.8S5587 
2.88615. 
..886716 
.,887280 
.,88784. 
..888,04 

2!8S,526 
2.8,0086 


57 
57 

11 

i6 


777 
778 
779 
7S0 

It 
7S3 
7S4 
78! 
786 

787 


2.8,042, 
2.8,0,80 
2.8,, 53, 
2.8920,5 
2.«5,65, 
2.fl93207 
2.893762 
2.8943,6 
2.894870 
2.8,54.2 
2.8,5,75 


2.8,0477 
2,89,035 
2.89,593 
2.892,50 
2.8,2707 
2.893262 
..89,8,7 
2.8,437' 
2.8949.5 
2.8,5478 
..!,6ojo 


..890533 
..89,091 
2.89,649 
2.B,.2o6 

2.891762 

..8„|,8 
2.893673 
..894,27 
2.89,980 
2.89SS33 
..196085 


2.89058, 

2.8,11+7 
..B»,705 
2 8,2262 
2.8,2818 
2.8,3373 
2.8939.8 
i8,4,8. 
.8,5036 
2.8,5588 
2.8961,0 


..S,o6,6 
..8,1.03 
..891760 
..89.3,7 
..89.873 
..8,3,19 
.8,3984 
..89,538 
2.89509, 
.8,56,3 
2.8,6195 


'1 

>! 

S6 
!S 
5! 
!! 
SS 
SS 



4 



from I to loooo. 



( 



w, 



745 
746 

747 

748 

749 
750 

75» 
75» 
753 

754 

755 

756 

757 

758 

7i9 
760 

761 

76. 

763 

764 
765 

766 

767 
768 

769 

770 

772 

773 

774 

775 
776 



J 



777 

778 

779 
780 

781 

782 

783 
784 

785 



2.872448 
2.873030 
2.87361 1 
2.874192 
2.874772 
2.875351 
2.875929 
2.876506 
2.877083 
2.877659 



2.878234 
2.878809 
2.879383 
2.879956 
2.880528 
2.881099 
2.881670 
2.882240 
2.882809 
2.883377 
2.883945 



2.884512 
2.885078 
2.885644 
2.886209 
2.886773 
2.887336 
2.887898 
2.888460 
2.889021 
2.889582 
2.890141 

2.890700 
2.891259 
2.891816 
2.892373 
2.892929 
2.893484 
2.894039 
2.894593 
2.895146 
2.895699 
787 2.896231 



2.872506 
2.873088 
2.873669 
2,874250 
2.874830 
2.875409 
2.875987 
2 876564 
2.877141 

2>8777'7 
2,878292 
2.878866 
2.879440 
2.880013 
2.880585 
2.881156 
2,881727 
2.882297 
2.882866 
2.883434 
2,884002 



2,884569 
2.885135 
2.885700 
2.886265 
2.886829 
2.887392 
2.887955 
2.888516 
2.889077 
2.889638 
2.890197 

2.890756 
2.891314 
2.891872 
2,892428 
2.892985 
2.893540 
a. 894094 
2.894648 
2.895201 
2.895754 
2.896306 



2.872564 
2.873146 
2 873727 
2.874308 
2.874887 
2.875466 
2.876044 
2.876622 
2.877198 

^•877774 



2.878J49 
2.878924 
2.879497 
2.880070 
2.880642 
2.881213 
28817S4 
2.882354 
2.882923 
2.883491 
2.884059 



2.884625 
2 885191 
2.885757 
2.88b32i 
2.886885 
2.887448 
2.888011 
2.888573 
2.889134 
2.889694 
2.890253 



2.890812 
2.891370 
2.891927 
2.892484 
X.893040 
2.893595 
2.894150 
2.894704 
2.895257 
2.895809 
2.896361 



'T^ff"W"^r''^ 



8 



I 



2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

I' 



872622 
873204 

873785 
874366 

874945 

875524 
876102 

876680 

877256 

877832 



878407 
878981 

879555 
880127 

880699 

881270 

881841 

88241 I 

882980 

883548 

884115 



884682* 

885248 

885813 

886378 

886942 

887505 

888068 

888629 

889190 

889750 
890^09 



890868 
891426 
891983 
892540 
893096 
893651 
894205 

894759 
895312 

895864 

896416 



2.872681 

2.^73262 

2.873843 

2.874424 

2.875003 

2.875582 

2.876160 

2.876737 

2.877314 

s. 877889 



2.878464 
2.879038 
2.879612 
2.880185 
2.880756 
2.881328 

2.8^id98 
2.882468 
2.883036 
2.883605 
2.884172 



2.884739 
2.885305 
2.885870 
2.886434 
2.886998 
2.887561 
2.888123 

2 888685 
2.889246 
2.889806 
2.890365 






2.890924 
2.891482 
2.892039 
2 892595 
2.893151 
2.893706 
2.894261 
2.894814 

2.895347 
2.895919 

2.896471 



Dif 

5» 

S8 
$8 
58 
$8 
58 
58 

ii 
57 
57 
57 
S7 
>7 
S7 
57 
57 
57 
57 

57' 

57 
57 
56 
56 
56 
56 
56 
56 
56 

Jt 

56 

JO 

55 
55 
55 
55 
55 






tt^ ) A Table of Logarithms, 


N-'l o 


I 


2 


3 


4 


Dif 


78a .896s»6 


2 89^581 


..89663b 


2.890691 


2 896747 


S5 


789! 2.897077 


•.897132 


».897iB7 


..897.42 


..897.97 


55 


790 1. 8976*7 


.-89768. 


..8977J7 


..89779. 


<-897847 


55 


791I1.89B176 


..898.3, 


..8981S6 


..898341 


1.898396 


55 


791:2,898715 


..898780 


..89883$ 


2.898890 


2.898944 


55 


793 ! '^99*7i 


2.899328 


2.899383 


..899437 


..89949. 


S5 


794:».a998io 


t. 89987 5 


..899930 


2.899985 


2.900039 


ss 


79; 2.900367 


3.8904.2 


2.900476 


2.90053, 


1.900586 


55 


796|».9oo9i3 


..990968 


2.9a M»2 


2.90.077 


2.901131 


55 


79712.901458 


2.9915,3 


2.901567 


.9016.1 


2.901676 


54 


79SJ 1.902003 


2.902057 


2.902„2 


2.902166 


2.902.10 


54 


799;2.9o.s47 


2.902601 


..90.655 


1.96.710 


2.902764 


54 


800 


2.903090 


a.903,44 


2.903198 


2.903253 


2.903307 


54 


801 


2.903632 


..903687 


2.903741 


2.90379s 


2.90J849 


54 


802 


a.904174 


..9042.8 


2.904.83 


2.904337 


2.904391 


54 


803 


2.90471s 


J.904770 


2,904824 


..904878 


1.904932 


54 


80+ 


2.9OJ2S6 


2.905310 
..gojSjo 


..905364 


2.905+18 


a.905471 


54 


805 1.90S796 


2.905904 


2.905958 


i.9»6oi. 


54 


806 


1.906335 


2.906389 


2.906443 


2.906497 


2.906550 


54 


807 


2.906873 


2.906927 


2.906981 


2.90703 s 


2.907089 


54 


80S 


2.907411 


2.907465 


2.9075,9 


2.907573 


1.907626 


54. 


809 


2.907948 


2.908002 


..908056 


2.908109 


2.908,6} 


54 


8io 


2.90848s 


2.908539 


2.90859. 


..90864* 


..908699 


S4 


811 


2.9090H 


2.909074 


Z.9O9I28 


2.90918. 


1.90923s 


53 


8i> 


2.909556 


..909609 


2.909663 


z. 909716 


a.909770 


53 


8.J 


2,910090 


2.9,0144 


2.91019- 


2.910.51 


2.910304 


SJ 


8.4 


2.910624 


.9,0678 


.•91073" 


2.9.0784 


..9.0B38 


53 


8.S 


2.9,1,58 


..9112,1 


..9,1.64 


2.9.13.7 


1.91137, 


53 


816 


2.91 J 690 


..91,743 


2.911797 


2.91.850 


29,1903 


53 


8,7 


2.912222 


2.91.175 


2.91. J28 


2.91238. 


2.9,2435 


5J 


S18 


a.912753 


2.912806 


2.912859 


2.912911 


2.912966 


S3 


8r9 


2.9,3284 


2.91J337 


.■9'539o 


2.913443 


..9.3496 


» 


»20 


2,9,3814 


2.9.ji67 


2.913920 


1.9,3973 


2.914016 


53 


821 


2.914343 


2.9.4396 


2.9,4449 


1.914502 


»-9'4SSi 


S3 


8ii 


2.9,4872 


.914915 


2.914977 


1.915030 


2.915083 


S3 


823 


2.915400 


2.9,5453 


1.915505 


2.915558 


1.91561. 


53 


824 


2.915927 


2.915980 


2.9,6033 


2.916085 


..916.38 


S3 


I'l 


2916454 


2.916507 


1.9.6559 


1.9166(1 


..916664 


53 


826 


2.9,6980 


..9,70,3 


1.917085 


..9,7138 


..917,90 


53 


827 


2.9.7505 


2.917558 


..917610 


..9.7663 


»-9»77iS 


s« 


828 


i.9i8o]o 


2.9,8083 


..9,8135 


1.918188 


..9I8.AO 
. 918765 


s» 


829 


2.9,8555 


2.918607 


2.9,8659 


2.9187,. 


5» 


Sjo 


1.919078 


..919,30 


2.9,9.83 


a.9i9»3« 


i.9t9^^ 


S' 



from I to loooo. 



T93 



W 



( MJ 



788 
789 
790 
791 
792 

793 

794 

795 
796 

797 



79« 

799 
goo 

801 

^04 
805 
806 
807 
808 

809 

Sio 
811 
812 
813 
814 
815 
816 
817 
818 
619 



820 
821 

822 
823 

8ss 

826 
827 
828 
829 



2.896802 
2.897352 
2.897902 
2.898451 
2.898999 
2.899547 
2.900094 
2.900640 
2.901 186 
2.901731 



2.902275 
2.902818 
2.903361 
2.903903 
2.904445 
2.904986 
2.905526 
2.906065 
2.906604 
2.907142 
2.907680 



2.908217 
2.908753 
2.909288 
2.909823 
2.910358 
2.910891 
2.91 1424 
2.911956 
2.912488 
2.913019 

»-9'3H9 
2.914079 
2.914608 

«.9i5'36 
2.915664 

2.916191 

2.916717 

2.917243 



2.914131 
2.914660 
2.915189 
2,915716 
s 910243 
2.916770 

. , .. «.9»7»95 
2.917768 S.917820 

2.91829s S.918345 

2.918816 2.918869 

83012.919340 2.919392 



2.896857 
2.897407 
2.897957 
2.898506 
2.899054 
2.899602 
2.900149 
2 900695 
2.901240 
2.901785 

2.902329 
2.902873 
2.903416 
2.903958 
2.904499 
2.905040 
2.905580 
2.906119 
2.906658 
2.907196 
2.907734 



2.908270 
2.908807 
2.909342 
2.909877 
2.910411 
2.910944 
2.911477 
2.912009 
2.912541 
2.913072 
2.913602 



2.896912 
2.897462 
2.898012 
2.898561 
2.899109 
2.89965b 
2.900205 
2.900749 
2.901295 
2.90:840 



2.902384 
2.902927 
2.903470 
2.904012 
2.904553 
2.905094 
2.905634 
2.906173 
2.906712 
2.907250 
2.907787 



2.908324 
2 908860 
2.909395 
2.909930 
2-910464 
2*910998 
2.911530 
2.912063 
2912594 
2.913125 
2.913655 






1 



2.914184 
2.914713 
2.915241 
2.915769 
2 916296 
2.91682s 
2.917348 
2.917873 
2.91839; 
2.918921 
2.919444 



8 



2.890967 
2.897517 

2.898067 
2.898615 
2.899164 
2.89971 1 
2.900258 

2. ,900804 
2.901349 
2.901894 

2,902438 
2.902981 
2.903524 
2.904066 
2.904607 
2.905148 
2.905688 
2.906227 
2.906766 
2.907304 
2.907841 



2.908378, 

2.908914 

2.909449 

2.909984 

2.910518 

i.91 1051 

2.911584 

2.9121 16 

2.912647 

2.913178 

2.913708 



2.914237 
2.914766 
2.915294 
2.915822 
2.916349 
3.916875 
S.9174OO 
S.9179S5 
2.918450 
S.918973 
S.9I9496 



bif 



2.897022 
2.897572 
2.898122 
2.898670 
2.899218 
2.899766 
2,900312 
2.900658 
2 901404 

2 901948 

2.902492 
2.903036 
2.903578 
2.904120 
2.904661 
2.905202 
2.905742 
2.906281 
2.906820 
2.907358 

^•907895 
2.908431 
2.908967 
2.909502 
2.910037 
.2. 910571 
2.911104 
2.911637 
2.912169 
2.912700 
2.913241 
2.913761 

2.914290 
2.914819 

*-9«S347 
2.915874 

2*916401 

s 9169S7 

«-9»7455 
2.917978 

s,9i850S 

8.919026 

8.919549 



( 






A Table of Logarrthms, 



851 
832 

833 
834 

835 
836 

837 
838 

839 

840 

841 
842 

843 
844 

845 
846 

847 
848 

849 
850 

111 
8^2 

8^3 

854 

855 
856 

857 
858 

859 
860 

861 

862 

863 
864 
865 
866 
867 
868 
869 
870 

«7« 
«7» 
873 



29I960I 

2.920123 

2^920645 

2.921160 

2.921686 

2.922206 

2.912725 

*-9*3a44 
2.923762 

2.924279 



2.924796 
2.92531a 
2.925828 
2.926342 
2.926857 
2.927370 
2.927883 
2.928396 
2.928908 
2.929419 

2929930 



k 



2.930440 
2.930949 
2.931458 
2.931966 
2.932474 
2.932981 
2,933487 

2*933993 
2.934498 

2.935003 

2»93'?^07 
2 93601 1 
2.936514 
2.937016 
2.937518 
2.938019 
2.938520 
2.939020 
2.939519 
2.940018 
2.940516 
2.941014 



I 



2.919653 
2.920175 
2.920697 
2.921Z18 
2.921738 
2.922258 
2.922777 
2.923296 
2.923814 

«-92433" 



2.924848 
2.925364 
2.925879 
2.926394 
2.926908 
2.927422 
2.927935 
2.928447 
2.928959 
2.929470 
2.929981 

2.930491 
2.931000 
2.931509 
2.932017 
2.932524 
2933031 

^•933538 
2.934044 

2-934549 

«-93S054^ 
2.935558 



2.936061 
2.936564 
2 937066 
2.937568 
2.938069 
2.938570 
2.939070 
2.939569 
2.940068 
2.940566 
2.941064 



2.919705 
2.920228 
2.920749 
2.921270 
2.921790 
2.922310 
2.922829 
2.923348 
2.923865 

2*924383 
2.924899 
2.925415 
2.925931 
2.926445 
2.926959 

2927473 
2.927986 

2.928498 

2.929010 

2.929521 

2.930032 

2930541 
2.931051 

2.931560 

2.932068 

2932575 

2*933082 

2.933588 
2.934094 

2-934599 
2.935104 

2.935608 



2.9361 1 1 

2.936614 
2.9371 16 
2.937618 
2.938119 
2.938620 
2.939120 
2.939619 
2.940118 
2.940616 
2941114 



2.919758 
2.920280 
2.920801 
2.921322 
2.921842 
2.922362 
2.922881 
2.923399 
2.923917 

2-9244H 



2.924951 
2.925467 
2.925982 
2,926497 
2.927011 
2.927524 
2.928037 
2.928549 
2.929061 
2.929572 
2.93008 3 

2.930592 
2.931102 
2.931610 
2.932118 
2.932626 
2.933133 
2.933639 

2-954«45 
2.934650 

2.935154 
2.9356^8 

2.936162 
2.936664 
2.937167 
2.937668 
2.938169 
2.938670 
2.939170 
2.939669 
2.940168 
2.940666 
2.941163 



2 919810 
2.920332 
2.920853 
2.921374 
2.921894 
2.922414 
2.922933 
2.923451 
2.923969 
2.924486 



2.925002 
2.925518 
2.926034 
2.926548 
2.927062 
2.927576 
2.928088 
2.928601 
2.929112 
2.929623 
2.9301341 



2.930643 
2.931153 
2.931661 
2.932169 
2.932677 
2.933183 
2.933690 
2934195 
2.934700 
2.935205 
2.935709 



2.936212 
2.936715 
2.937217 
2.937718 
2.938219 
2.938720 
2.939220 

2.939719 
2.940218 

2 940716 

2.941213 



22 

;s 
;z 
;2 

;2 

;2 

;2 

;2 
;2 



;2 

\2 

\2 



;o 
o 



;o 
>o 
;o 

|o 
\o 

;o 
;o 
;o 
:o 



50 



. 



from I to loooo. 






831 

83* 

833 

834 

83s 
836 

837 
838 

839 

840 

842 

843 

844 

845 
846 

847 

848 

849 

8$o 

ii! 

8{2 

8$3 
854 

8)5 
896 

857 
858 

859 

860 

861 
862 

863 
864 
86$ 
866 
867 
868 
869 
870 
871 
871 

«73 



2.919862 
2,9X0384 
& 9 20906 
2.921426 

2.921946 
2.922466 

2 922955 
2.923503 
2.924021 

2.925©54 
2.925570 
2,926085 
2.926600 
2.9271 14 
2.927627 
2.928140 
2.928652 
2.929163 
2.929674 
2.930185 



2.930694 
2.931203 
2.931712 
2.932220 

2.932727 

2-93.3234 
2.933740 

2.934246 

2.93475* 
2.93525! 
2.935759 



2.919914 
2.920436 
2.920951$ 
2.921478 
2.921996 
2.922518 
2.923037 
2.923555 
2.924072 
2.924989 



2.925106 
2.925621 

2.926137 
2.926651 
2,927165 
2.927678 
2.928191 
2.928703 
2.929214 
2.929725 
2.930236 



2.936262 
2.936765 
2.937267 
2.937769 
2.938269 
2.938770 
2.939270 
2.939769 
2.940267 
2.940765 
2.9412631 



2.93«745 
2931254 
2.931763 
2.932271 
2.932778 
2.933285 
2,933791 
2.934296 
2.934801 
2.935306 

2.93^809 



\ 



2.936313 
2.9368r5 
2.937317 
2.937819 
2.938319 
2.938820 
a.939319 
2.939819 
2.940317 
2.940815 
2.941313 



2.919967 
2.920489 
2.921010 
2.921530 
2.922050 
2.922570 
2.923088 
2.923607 
2 924124 
2-924641 

2.925«57 
2.925673 

2.926188 

2.926702 

2.927216 

2.927730 

2.928242 

2.928754 

2.929266 

2.929776 

2.930287 

2.930796 
2.931305 

2 931814 
2.932321 
2.932829 

2.933335 
2.933841 

2.934347 
2.934852 

2.935356 

2.935860 

2936363 
2.936865 

2,937869 

2.938370 

2.938870 

2.939369 

2.93986^ 

2.940567I 

2.94o86r4< 



2.920019 
2.920541 
2.921062 
2.921582 
2.922102 
2.922622 
2.923140 
2.923658 
2.924176 
2.924693 

2.925209 
2.925724 
2.926239 
2926754 
2.927268 
2.927781 
2.928293 
2.928805 
2.929317 
2.929827 

2.93Q338 
2.930847 
2.931356 
2:931864 
2.932372 
2.932879 
2.933386 
2933892 

2-934397 
2.934902 

2.935^06 

2.93(JQIO 



2.936413 

2.936916 

2.937418 
2.937919 

2.938420 
2.938920 

2.939419 

1*939918 



2.920071 
2.920593 
2.921114 
2.921634 

2 922154 
2.922674 
2.923192 
2.923710 
2.924228 

2.924744 
2.925260 
2.925776 
2,920291 
2.926805 
2.927319 
2.927832 
2.928345 
2.928856 
2.929368 
2.929878 

2930389 
2.930898 
2.931407 
2.931915 
2.932423 
2,932930 

2-933437 

2.933943 
2.934448 

2-934953 

2.935457 
2^935960 

2.936463 
2.936966 
2.937468 
2.937969 
2.938470 
2.938970 

a.939469 



Dif 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



2 
2 
2 



o 
o 

o 



o 

o 

o 
o 
o 
o 
o 
o 



(^-) 



A Table of Logarithms, 



I 



N^ 



7-1 



8 

*'-S 
876 

878 
879 
880 
881 
882 
883 



884 

885 
886 
887 
888 
889 
890 
891 
892 

^3 
894 



895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 



I 



906 
907 
908 
909 
910 
911 
912 
913 
914 

916 



2.941511 
2,942008 
2.9^2504 
2.943000 
2.943494 
2.943989 
2.944483 
2.944976 
2.945469 

^'9459^' 
2.946452 
2.946943 

2»947434 
2.947924 

2.948413 

2.948902 

2.949390 

2.949878 

2.950365 

2.950851 

^-95'337 
2.951823 
2.952308 
2.952792 
2.953276 
2.953760 
2.954242 
2.954725 
2.955206 
2.955688 
2.956168 
2.956649 



2.957128 
2.957607 

2. 958086 
2.958564 
2.959041 
2.9595I8 
2.959995 
2.96047 1 
2.960946 
2.96142I 
2.961895 



2.941561 

2.942058 

^•942554 
2.943049 

2.943544 

2.944038 

2.944532 

2.945025 

2.945518 

2.946010 



2.946501 
2.946992 
2.947483 

2-947973 
2.948462 

2.9^8951 

2-949439 
2.949926 

2.950413 

2.950900 

g'95'386 

2.951872 
2.952356 
2.952841 
2.953325 
2.953808 
2.954291 

2.954773 

2.955255 
2.955736 

2.956216 

2.956697 



1 



2.944088 
2.944581 
2.945074 
2.945567 
2.946059 



2.946550 
2.947041 
2.947532 
2.948021 
2.948511 
2.948999 
2.949488 
2.949975 
2.950462 
2.950949 

2-95'435 
2.951920 
2.952405 
2.952889 

2-953373 
2.953856 

2.954339 
2.954821 

2.955303 

2.955784 

2.956264 

2^956745 

2.957176 2.957224 

2.957655 2.957703 

2.958134 2.958181 

2.958612 2.958659 

2.959089 2.959137 



2.959566 
2.960042 
2.960518. 
2.960994 
2.96 1468 



12.961516 



2.941611 X.941660 2.941710 

2.942107 2.942157 2.941206 

2.942604 2.942653 2.942702 

2.943099 2.943148 2.943198 

2-943593 2.943643 2943692 
- - -"" 2.944137 

2.944631 

2.945124 

2.945616 

2.946108 



2.946600 
2.947090 
2.947581 
2.948070 
2.948560 
2.949048 
2.949536 
i. 950024 
2.950511 
2.950997 

2-95 H83 
2.951909 
2.952453 
2.952938 
2.953421 
2.953905 
2.954387 
2.954869 

2-95535' 

2.955832 

2.956312 
2-956792 



2.961943 1 2.961990 



i 



2.959614 2.959661 

2.960090 2.960138 ^,y J 

2.960566 2.960613 X.96O66I 

2.961041 2.961089 2961136 

--^--^ 2.961563 2.961611 

2.962038 2.96SO85 



Dif 



2.944186 
2.944680 

2-945' 73 
2.945665 

2-946' 57 



2.946649 
2.947139 
2,947630 
2.9481 19 
2.948608 
2.949097 
2.949585 
2.950073 
2.950560 
2.951046 

2-95'532 

2.952017 
2.952502 
2.952986 
2.953470 

2.953953 

2.954435 
2.954918 

2.955399 

2.955880 

2.956360 

2.956840 

2.957320 

2.957799 
2.958277 

2.958755 



2.957272 
2.957751 
2.958229 

2.95^707 

2.959184 2.959232 

2.959709 

2.960185 



50 
50 
SO 
49 
49 
49 
49 
49 
49 
49 



49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 



49 
48 

48 
48 

48 



48 

48 
48 
48 
48 



48 

48 
48 
48 
48 
48 
48 
48 
47 
47 
47 



J 



from I to loooo. 



(m> 



NO 

875 
876 

878 
879 
880 
881 
882 
883 

884 
885 

886 
887 
888 
889 
890 
891 
892 
893 

i94 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 

90£ 

906 

907 

908 

909 

910 

911 

9x2 

9«3 

9"4 

9«5 
9i6| 



941760 



2 
2 
2 
2 
f 
2 
z. 
2 
2 



2 
2 

2 

2 
2 
2 
2 
2 
2 
2 
2 



942256 

94*75* 

943 H7 

943742 
94^1236 

9447*9 
949222 

9457' 5 
946207 i 



,6 



941809 

942306 
942801 
943297 

94379" 
944285 

944779 
945272 

9-15764 
94^256 



946698 
947189 
947679 
.948168 
948657 
949146 

949633 
950121 

950608 

951095 

991580 



952066 
95*550 
953034 

9535»8 
954001 

954484 

954966 

955447 
955928 

956409 

956888 

9573O8 

957847 

9583*5 
958803 

9^9280 

959757 
960233 

960709 

961 184 

2 961658 

2.962132 



946747 
947238 

9477*8 
948217 

948706 

949195 

949683 

950170 

950657 

95»»43 
991629 



952114 

95*599 
953083 

953566 
954049 

95453* 
9S50i4 
955495 
955976 

956457 
956936 



957416 
957894 

958373 
958850 

959328 

959804 

960281 

960756 

961231 

961706 

962180 



T 



2.941859 

*-94*355 
2.942851 

2943346 

2.943841 

*-944335 
2.944828 

2.945321 

2.945813 

2.946305 

2.946796 
2.947287 

*-947777 
2.948266 
2.948755 
2.949244 
2.949731 
2.950219 
2.950705 
2.951192 
2.951677 



2.95 2 r63 
2.952647 
2.953131 
2.953615 
2.954098 
2.954580 
2.955062 

*955543 
2.956024 

2.956505 

2.956984 

*-957464 
2.957942 

2.958420 

2.958898 

*-959375 
2.959852 

2.960328 

2.960804 

2.96 1 S79 

2.961753 

2.9622x7 

Ft' 



8 






2.94 1 909 
2.942405 
2.942900 
2.943396 
2.943890 
2.944384 
2.944877 

2.945370 
2.945862 
2.940354 



2.946845 
2.947336 
2.947826 
2.948315 
2.94S804 
2.949292 
2.949780 
2.950267 
2.950754 
2.951240 
2.951726 



2 952211 
2.952696 
2.953180 
2.953663 
2.954146 
2.954628 
2.9551 10 
2.955591 
2.956072 

*-956553 
*-9>703* 
2.957511 

*-957v9^ 
2.958468 

2.958946 

2.959423 

2.959900 

2.960376 

2.960851 

2.961326 

2.961801 

2.96^ 



2.941958 
2.942454 

*'94295* 

*-943445 
2.943939 

2-944433 
2.944927 

2.945419 

r.945911 

2.94640} 



2.946894 
2.947385 
2.947875 
2.948364 
2.948853 

2.949?4> 
2.949829 

2.950316 

2.950803 

2.951289 

2.951774 



2.952259 
2.952744 
2.953228 
2.95371 1 
2.954194 
2.954677 
2.95515S 
2.955640 
2.956120 
2.956601 
2.957080 



*-957559 
2.958038 

2.958516 

2.958994 

2.959471 
2-959947 
2.960423 
2.960899 
2.961374 



Dif 



49 
49 
49 
49 
49 
49 
49 
49 
49 
49 



49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 



48 
48 
48 
48 
48 
48 
48 

48 
48 

48 

4S 



48 
48 

48 
48 

A7 



( 4U) 



A Table of Logarithms, 



N^ o ' 

917 24^62369 

918 2,9(>z843 

919 2.963315 
92c 2.963788 
921 2.964260 
(,22 2.964731 
923 296^202 

92f 2.9656r72 

9^5 2.966141 

gZv'S 2.966611 

927 2.967080 

928 2.967548 

929 2.968016 

930 2.968483 

931 2. 96^970 
9:2 2.969416 

933 2.969882 

934 2970347 

935 2970812 
930, 2,971276 



1 



937 
938 

939 
940 

94' 
942 



2.071740 

2.972203 
2. 972606 
2,973128 
2.973590 



2.9O2417 
2 962890 
2.963363 
2.963835 

,2.964307 
2.964778 
2.965219 
2.965/19 
2.96.') 1 89 
2.j;666;S 

2.967127 
z 967595 
,2.968062 
2«(^68530 
2,968996 
2.969402 
2 95^929 
2.970393 
2.970858 
2.971322 
2.9717^6 



2.974051 

913 2.Q745'2 
9ft 2..^7|97 2 

945 2 975+32 

946 2.'^75d9i 

-47 2.976 ',50 
94^1 2.Q76.'>'o8 

2.977206 

^•9777^4 
2.978180 

2.978637 

2.979093 

.2.979548 
2.9S0003 
2.9^0458 
2.9SC912 
2.v8:;()5 
i.981819 



9\9 

950 

9)« 
952 

9>3 

951 

955 
956 

957 
958 

959 



2.962464 
2.962937 
2.963410 
2.(,63882 
2.964354 
2 96482; 
2.965296 
2.965766 

2 966236 

2*066705 



2.97224.; 
2 972712 

^•973«74 
2.973636 

2.974097 

2.974558 

2.975018 

2.975478 

^•975937 . 
2.-C76396; 

2.4^ 76854 j 

2.^77312! 
2.Q7776c;i 
2 97^2:6 1 

2.97:^68^ i 
2.979I38I 

2.979591 1 
2.vioO|9; 

2.0^0503 i 

2.';809C7' 
2 9<^i4i r 
2.981064 



2.967173 

2.967642 
2.968109 
2.968576 
2.969043 

2.969,0.; 
2.969975 
2.970440 
2.970904 
2.971369 
^■971^32 

2.972295 
2.972758 
2.973220 
2.973682 
2.974143 
2.974^04 
2.975064 
2.975524 
2.97(5983 
2.5J76442 
2.0769C0 

2-97735^ 
2.977815 

3 978272 

2.978728 

2.979184 

2.979'»39 
2.980094 

2.980549 

2.981003 

2.9Q1456 

2.981909 



2.9625 1 1 
2.963985 

2.963457 
2.963929 
2.964401 
2.964872 

*-5^5343 
2.965813 

2.966283 

2. 9667^2 

2 967220 
2.967^88 
2.968156 
2.968623 
2 969090 
2.969556 
2.970021 
2.970486 
2.970951 
2.971415 

2-97«87Q 
2.972342 
2.972804 
2.973266 
2.973728 
2.974189 
2.974650 
2 975! 10 
2.'.7557o 
2 97602.; 
2.976487 

2 977403 
2.977861 
2.978317 
2.978774 
2.9792^0 
2.979685 
2.980140 
2 980594 
2.981048 
2.981501 
2.981954 



Dif 



2.962559 
2.96303s 
2.963504 
2.963977 
2.964448 
2.964919 
2.965390 
2.965860 
2.966329 
2.966793 

2.967267 
2.967735 
2,968203 
2.968670 
2.969136 
2.959^02 
2.970068 

2.970533 
2.970997 

2.971461 

2071925 

2.972388 
2.972851 

*'9733«3 

2.97377+ 
2.974235 

2.974696 

2975156 

2.975616 

2.976075 

2976533 
2. 076991 

2.977449 
2.977906 

2.978363 

2.978819 

2-97s275 
2.979730 

2.980185 

2.9S0640 

2.981093 

2.981547 

s 082000 

I 






47 
47 
47 
47 
47 
47 
47 
47 
47 
47 



I 



47 

47 I 

47 

47 

47 

47 

46 

46 
46 



46 
46 
46 
a6 
46 
46 
46 
45 
46 
46 

il 
45 

46 
46 

46 
46 

46 
45 

4S 
45 



dl^b 



^^ 



from I ro loooo. 



( ♦»$ ) 



9»7 
918 

919 

920 

921 

922 

923 

924 

925 

926 

^ 
928 

929 

930 

931 

932 

933 

93+ 

935 
936 

938 

939 
940 

94' 
942 

943 

944 

945 
946 

947 
948 

949 
950 

9)» 
952 
953 
9?4 

956 
957 



2.962606 
2.963079 
2963552 
2.964024 
2.964495 
2.964966 
2.965437 
2.965907 
2.966376 
2.96684; 

^ n 
2.96731^ 

2.967782 
1.968249 
2.968716 
2.969183 
2.96964V 
2.9701 14 
2.970579 
2.971044 
2.971508 

2.97'Q7I 

2-972434 
2.972897 

2973359 
2.973820 

2»57428i 

2.974742 

2975202 

2.975661 

2.976121 

2,976579 

2.9770^7 

2-977495 
2.977952 

2.9784C9 

2.978865 

2.979321 

8.979776 

S.980231 

2*980685 

2.981139 

t.981592 

'^.Q8ao45 



2.962653 
2.963126 
i.963599 
2.964071 
2.964542 
2.965013 
2.965484 
2.965954 
2966423 
2.966892 



8 



2 967361 
2.967829 
2.968296 
2.968763 
2,969229 
2,969695 
2,970161 
2,970626 
2,971090 

2»97«55+ 
2,972018 



2,972450 

2.972943 

2*973405 
2,973866 

2.974327 

2.974788 

2.975248 

2.975707 
2.976166 
2.976625 
2.977083 



2.977541 

2.97799S 

2.978454 

2.9789 1 1 

2.979^66 

2.979821 

2.980276 

2.980730 

2.9S1184 

2.981637 

j,982o65 



2.962701 
2.963174 
2.963646 
2.964x18 
2.964590 
2.965060 
2.965531 
2.V66001 
2 966470 
2.9669^9 

2.9674.08 
2.967875 
2.968343 
2.968810 
2.969276 
2.969742 
2.970207 
2.970672 
2.971137 
2.971600 
2.972064 

2.972527 
2.972989 

2-97345 » 
2.973913 

2.974373 
2.974834 

2.975294 

2-975753 
2.976212 

2.976671 

2.977'2Q 

2.97758b 
2.978043 

2.978500 
2-979956 

2.979412 
2.979867 

2.983322 
2.980776 
2.981229 
2.981683 
2.982135 



2.962748 
2.963221 

2.963693 
2.964165 

2.964637 

2.965108 

2.965578 

2.966048 
2.966517 
2.966Q86 



2.967454 

2.967922 
2.968389 
2.968856 

2.969323 

2.969788 
2.970254 

2.970719 

2.971183 

2.971647 

2.9721 10 

2972573 
2.973035 

2-973497 

2-973959 
2.974420 

2.974880 

2.975340 

2-975799 
2.976258 

2.976717 
2.977«75 



ak«M 



2.977632 
2.978089 
2.978546 

2. 979002 

2.9794>7 
2.979912 

2.980367 

2.980821 

2:981275 

2.981728 

2.982181 



962795 
963268 
963741 
964212 
964684 

965' 55 
965625 

966095 

966564 

96703^ 



967501 
967969 
968436 
968903 
969369 
969835 
970300 
970765 
971229 
971693 
972iq6 



Dif 



972619 
973082 

973543 
9740J5 

974466 

974926 

975386 

975H5 
976304 

976762 

977220 



977078 

978135 
978591 

979047 
979503 

979958 

2*980412 

2*980867 

2.981320 

2.981773 

2.982226 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



4 
4 
4 

4 
4 
4 
4 

u 

46 

46 



46 

46 

46 

46 

46 
46 
46 

46 
46 



46 
46 

46 
46 

46 
46 



4 
4 
4 
4 
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A Ta6ie of Log^mthms, 


V- z 


i 


: 


i 


4 . 


•,-- .;.;i-i 


: ,:J3:- 


1 jiij^i 


'y«»4i» 


I:, ^'sr-ij 


: ii I-^; 


= ^' J;* 


=9!.:jj 


; 93>904 


ics I :ij:" 




: H'-^i 


.^S|J.= 


^iS«i6 


f-j 3 ;':;^ 


= ^i^ 




I-^ii-i. 


= i-j»07 






- ';+;-" 


s-5=.:i = 


=.^34^57 


;:; i ;:..-;- 


1 ;■---; 


- ;-*--" 


2.JS4SC.- 


»»i.r=7 






-''*f: 


1^,-;.= 


-4>a'57 


j;; :;:;t:: 


::;;:;; 


- ;»'■;■-• 






sc; : .-:.;'4. 


: i--;-.: 


= 5^-i:i 


= 55«.;i 




.-- :.;:j — ; 




l.^foiil 


ii--=4=£ 


S.^S69;| 




i zi'^'t 


-i^'l^ 


=-i-"ij 


= i3jj»a 


J-; ;.;;•;:. 


-.yiy.t 


s;S-;: 


- 9sr3^ 


= i!-s« 






:ji!::j 


jjii^r 


= ,=•=51 


;-+. :.;!;;:, 


-iii^cj 


3;SJ:*; 


= 5^593 


= Si--73r 


V-.-"=.;?,-:j 


- ,^;-4; 


=..;iK>i 


= ;i;i3= 


= ;=iiS3 


,;; i;N+:-- 


■ ii.j.-,^ 


= ,-:;;ii 


= Si?i; = 


=■$=96x4 




--9 >>9K 


' ii«=i 


j.;Scc=i 


I.JiOO-. 


,-; J.i,0:J5 


-;;-.- 5 


= i;a+-= 


=-;:So+,-a 


"59=ii6 


:-, ; ;;-'J* 


z .^-.U- 


IJiH-, 


=.=9o;i= 


-;s=4=o 




:v;ii-c 


■es'i'i 


=-3P5;5 


=^41+33. 




i-iJi-lj 


■54r57 


;.9SiSc; 


= s;'=+!>i 


.*; 1 , ,-;zi 


:;-.3.j; 


1 '^jitca 


- J9=»++ 


= S9==^;. 






'9i-V 


: 3gi£S5 


= «=r3!> 


, ; . ;;,;,,; 


-:-?i::-9 


'•i<i----J 


- 393':7 


= ;•;?':= 


^!- ■■'!'-: 






= i5t"-9 


=-9;+-;3 



- 5.7335 
1.599133 



j.ffl;6ii-. 3.9961 ;i 



i 9J4i=9 

= 99*767: 
t 99620 t 



'■9565 >) 


■ S96599 


= 99"43' 


=.950991 =997057 


=.997080 


=■997430, = 997474 


= 997,-17 


-597857 =-99-910 


=.997954 


'998303 


1.998346 


1.998390 


..99S7J9 


=.99878= 








=.999=61 


= 959609 


=.999651 


= 999690 



996549' 



:.99C>6S7 
.99717+ 
997561 
997998 
'■993414 
:.99SS69 
1.99930$ 
'-199739 



'M7 1 

from I to loooo. ( i^^ ) 


N« 


5 


6 


7 


8 


9 


Dif 


S6o 


'•9'i2497 


2.982543 


2.98258a 


2,982633 


.982678 


4S 


961 


1.9819^9 


2.982994 


2.983040 


1.93303,- 


.983130 


45 


96. 


2.983401 


2.985446 


^ 9834-^1 


2.9835,6 


..98)581 


45 


963 


i^j8;2 


2.9S38J7 


2.9S3942 


.983987 


1984032 


4) 


,64 


'984J02 


2.984347 


2.984392 


■934437 


.58,4^2 


45 


90! 


2.98^752 


2.984797 


2.984842 


.984887 


.984932 


4! 


966 


a.gSjJoz 


2.985247 


2.935292 


■985357 


.985382 


4; 


96; 


2.98565. 


2.985696 


2.9S5741 


.9857ii6 


.985830 


4i 


96a 


Z.9S6IOO 


2.986.44 


2.986189 


.98623+ 


.986279 


+J 


9*9 
970 


i.986;48 


2.986593 


2,9866,7 


.986682 


,986727 


,4J_ 


i.tf8699s 


2.987040 


2.987085 


.387150 


.987174 


+S 


971 


2.937443 


2.987487 


2.987532 


987S77 


.987621 


45 


9?' 


.987890 


2.987934 


2987979 


.9880Z4 


988068 


45 


97 J 


1.988336 


1,988381 1.98842s 


988470 


98^114 


45 


974 


.988782 


8.98888612.988871 


.988915 


.988960 


45 


97! 


.989227 


2.98927212.989316 


.989361 


.989,05 


45 


976 


1.989672 


2.989717, 2.989761 


.989806 


.989850 


44 


977 


:.990ii7 


2.990161 2 990206 


.990250 


.990294 


44 


9-» 


I.990S61 


2.950605! 2.990650 


.990694 


.990738 


4+ 


979 


2.991004 


2.991049 2.991093 


.991137 


.991.82 


44 


,S. 


1.99,448 


2.99149* 


2.991536 


.991580 


.991625 


44 


98, 


1.99 1 890 


2.991934 


2991979 


.991023 


2.9^2067 


44 


582 


'■99*333 


2.992J77 


i9g2,V2i 


,992465 


.992509 


44 


983 


2.992774 


2.992B.8 


2.992S63 


.992907 


.992951 


44 


9«4 


2-99 J m6 


2.993260 


2.993304 


,993348 


.993392 


44 


985 


.993657 


2.993701 


I 993745 


■993789 


.993833 


44 


986 


'■994097 


2.994141 


29941B5 


.994129 


2.994273 


44 


98; 


2-9.94 537 


2.994-581 


1.994625 


■994669 


2-9947' 3 


44 


,88 


•994977 


2.995021 


2.995064 


2.995108 


2995152 


44 


989 


'.995416 


2.995460 


2.995504 


995547 


2.995591 


44 


99° 


.995854 


2.995898 


2.995942 


.995985 


2.996030 


44 


99' 


.996293 


1.946336 


2.996380 


2.990424 


2.99646S 


44_ 


99' 


.996730 


2.996774 


2.9968 1 8 


2.996862 


2.996905 


44 


993 


2.997.68 


2.997212 


1.997255 


2.997299 


2-997343 


44 


974 


1.997605 


1,997648 


2,997692 


2.997736 


2-997779 


44 


99; 


2.998041 


2.998085 


2.998128 


X& 


2998216 


44 


99i 


2.998477 


2.99852: 


2.99856+ 


2.99S652 


44 


997 


(.998913 


^9%i6 


2.999000 


2.999043 


2.999087 


44 


998 


2.999348 


2.999392 


2-999435 


2.999478 


2.999522 


44 


999 


2.999783 


1.999826 


2.999870 


2.999915 


2.999917 


43 


U 















I 



;i 



-?J^ 



( 4,3J8. ) A Table of Artificial Sines, 



o Degree. 



3 

e 



I 

z 

3 



Sine 



Tangent 



o oooooo 



b.4()3726 
6.764756 
6.940847 
7-065786 



5I7. 162696 

67.24*877 
77.308824 

87.366816 

97.^17968 



7.563725 
7.505118 
7.542907 
7.577668 
7.60985^ 



10 
II 
12 

»3 
'4 

157.639816 
i6 7«667844 

i7 7 694«73 
18 7-7 18997 
^ 7.742478 

io 7.764754 
21 



7 78>943 
227.806146 

23i7-82545i 

24I7.8439H 



i 0.000000 o oooooo 



9.999999 

9.999999 
9.999999 

9. 9990^9 



6.463726 
6.76475^ 
6.940847 
7.065786 



9.999999 
9.999999 
9.999999 
9.999999 
9.999999 



7.162696 
7.241878 
7.308825 
7.366817 

7.417970 



9.99Q998 
9.999998! 

9-999997 

9-999997 
9.99989^; 



7.463727 
7.505120 
7.542909 

7-577617 
7.6ovJ?57 



9.9999967.639820 

9-999995 7-667849 

9-9999957-694179 
9.9999947.719003 

9.9909037.7424 84 
9.999993i7 764761 
9.999992J7«78595' 



9.999991 
9.999990 



257.861662 
26,7.878695 
27,7.895085 
28^79x0879 
297.9261 19 
^o'7 940842 



7.806155 
7.8254/10 



9.99908917. 84*041 



9.9^^9988 7.861 674 
9.999988:7.878708 
9.999987J7 895099 
9.99998617.910894 
9.999984,7.926134! 



9.999083 



Sin 



0408 «j 8 1 



Jnhnitt: 



3.536274 
3.235244 
3059153 

2.QH?I4 



2.»37304- 
2^758122 
2,691 175 
2.633183 
2.582o;o 



2.536273 
2.49488. 
2.457091 
2.422328 
2.390143 



2 3O01S0 
2.332151 
2.305821 
2.28099*' 
2.257^ir, 



2.235239 
2.214049 
2.195845 
2.174540 
2.1 ^6o^6 



2 I 18326 
2.121292 
2.IO49OI 
2.089106 
2.073866 

2.0(;9i42| 



Tangent 



Secant 



0.000000 



o.coocoo 
0.000000 
0.000000 
o oooooo 



0.000000 

0.000001 

0.000001 

O.CQOOOl 
O.OCOOOI 



0,000002 

0.000002 

0.000003 

0.000003 

C000004 



0.000004 
0.000005 
0.000005 
0.000006 
0.000007 



O.C00007 
0.000008 
0*000009 
0.000010 
0.00001 1 



infinite 



0.0000 IX 

0000012 

0.000013 

0.000014 

0.0000161 

0.0000 1 7' 



3.536274. 
3.^35244 

3*059 >5 3 
3 934*14 



*-^37304 
a.758123 

2.691 1 76 

2633184 

2.582031 



?-S36a75 
2,494882 

^•457093 
2.4223.32 

2.^901^7 



2.3601-84 
2.332156 
2.305827 
2 281003 

2.257(;22 



2.235246 
2.2140571: 

2.193854 

«-'74549 
2.156066 



2.138338 
2.12130^^ 
2. 10491 5 
2.089121 
2.073881 
aoS9>58 



Secant 



i 



89 pcgrccs. ' 




Tangents and S«canis. ( 4^ ) 


Degrees. 


]0 

3' 
3» 
3! 

Ji 
15 
16 
37 
J8 
39 
to 
41 
41 
43 
l< 
4-? 
46 
47 
+3 
+9 

!3 
ij 

;? 
>a 

!9 


Sine 




Ttngcnt 




Secani 




3C 

27 
26 

*5 
^j 

'9 
iS 
'7 
16 

M 

11 

] 
I 

5 

4 

c 

1 


7 940841 

7.9i;oBi 
?.968a70 
7.932233 
7.99S'S8 


9.9999S4 
9.999981 
9.999981 
^.999980 


7.940858 
7.9SSICO 
7.968889 
7.982^^3 
7-995' 19 
B.007809 
a. 02004 J 
8. 051945 
8.043527 
8.054309 




059141 
044900 
031 in 


10.00001 b 

10.0000 ii: 
1 0.0c 00 1 9 

I0.OD002C 


12.059158 
1 2.04491 S 

11.031130 
.2.oi7;67 
12 00481:2 


8.007787 
3.OI0OZ1 
8,031915 
8.o43;o. 
8.o;478i 


9.9^997 7 
9.999976 

9-999975 
9.999974 
9.999972 




99219' 

956+73 
9*5'9' 


10,000013 

io.o;oo2? 
10,000016 
lo.oooozB 


ii.yyiji3 
11.979979 
11.96,80,31 
"■9; '■4-99 

II 94?Il4 


3.0657709.999971 
8.0765009.9999(19 
If .08 69 6^9.9 999 68 
8.0971339,9999:6 
((.10716719.999964 


8.065806 
8.07653 1 
S 086997 




934'9+ 
9134(19 
913003 
90178, 
B9279S 


IC.000029 

10.000031 
10,000032 
I0.cojio;4 
10.000036 


•'.934224 

11,9*3500 
11.91303; 
11.902817 

U.891833 


H.ii6326'9.9999-,3 
3.11647119.999961 
a«3<8Jo,9-999959 
8.'449!3 9.9999!8 
a.i, -39089.9999,6 


8.1:6965 
«.i26;io 
8.. 358;. 

8.14499^ 
8.i;39--i 




8IS3037 
87349« 
B64149 
85500. 
84604? 


.0.000^37 
10 0000 t 9 
1 0.00004 ' 
10 000041 
10.000044 


.1.883074 
11.873^29 
11.86419c 
i 1. 8, -5047 
: ■■846091 


^.I6i6ai9.9999;4 
3.171180^.9999,-1 

3.I797'3S.9999!<' 
8.18798;., 9^9948 
3.(9->ioj,9.999946 


8 ibi-2y II 
S.i7i.,2*ri 
3.179733 II 
8.i3Bo3('. 11 
3.i96<(6!ii 


803844 


10.000046 

10.00004X 
io,coo35( 
10.000051 
10.D00054 


II.H37319 

M. 828710 
11.810287 

.i.B.20,s 

ii.fi0389H 


8.104070 
81.189s 
3.Ji9;ii 
8.127134 

8.234^S7 
*.14.»V^ 


j.gg.,9)4 
9.999942 
9 99994^ 
9-99993" 
99999,6 
q.qgoQH 


8.z04i2ti|il 
>t.iii053ii 
S.119541 n 
a.717195 II 
8,*346a.in 
8.141912 I) 


^95874 
788047 
780355 
771B0; 
765,79 

75Ho7« 


10.00006c 
10 000061 

lo.oocoft^l 
10.00-1066 


11.79593c 
11,788.05 
11.7804^9 
11. 772866 
ii.765143 
11.758.45 




Sue 




Tangem 




Secant 


1 


^^^^^. iq Decrrecs. 1 



( 4%* ) 



^•^m^m 



A Table of Artificial Sines, 



I Degree. 



3 

C 
ft 



Sine 



0^8.241855 
18.249033 
2 3.25601^4 
j'3. 21:3042 
8.269881 



Tangent 



9.999934 8.241921 
9.999932J8.249102 
9.9999298.256165 



S 
6 

7 
8 



8.276614 
8.283243 
8.289773 
8.29&207 
8.302546 



o 
I 

2 

3 
4 

7 

7 
8 



20 
21 
22 

23 

24 



8.308794 
8.314954 
8.321027 
8.327016 
8.332924 



0.338753 
8.344504 
8.350180 
8.355783 
8.361315 



9.999927 
9.999925 



9.999922 



8.263115 
8.266956 



8.276691 



9.9999208.283323 
9.999917J8. 289856 
9.9999158.296292 



9.999912 



9.999910 
9.999907 
9.999905 
9.999902 
9.999899 



8.302633 



8 3^6777 
8 372171 

8.377499 

8.382762 

8.387962 



25 
26 

27 
28 

29 



8.393101 
8.398179 
8.403199 
8 40816] 
8.413068 



9,999897 
9.999894 
9.999891 
9.999888 
9.Q99885 



9.999882 
9.999879 
9.999876 
9.999873 
9.999870 



3018.417019 



9.959867 
9.999864 
9.999861 
9.999858 
9.999854 

9-99985' 
Sin 



8.308884 
8.315045 
8.321122 
8.327114 
8.333025 



8.338856 
8.344610 
8.350289 
8.3^5895 
8.361430 



8,366894 
8.372291 
8.377622 
8.382889 
8.388092 



8.393234 
8.398315 
8.403338 
8.408304 
8.413213 
8.418068 



11.758079 
11.750898 

« '•743835 
11.736885 

11.730044 



11.723309 
11.716677 
1N710144 
11.703708 
1 1.^97367 



11.691116 
11.684954 
11.678878 
11.672886 
11.666975 



1 1.6611144 
11.655389 
11.649710 
11.644105 

11.638570 



11.633105 
1 1.627708 
11.622378 
11.6171 1 1 
1 1. 6 1 1908 



1 1.606766 
11.601685 
11.596662 
11.591696 
11.586787 
11.581932 

Tangent 



Secant 



0.000066 
0.000068 
0.000071' 
0.000073 
0.00007 5 



o 600078! 
o.oooo8o| 
0.00C082; 
0.00008 5 1 
0.0000871 



0.000090 
0.000093 
0.000095 
0.000098 

o COOIOl 



0.000103 
0.000106 
0.000109 
0.000112 
0.000 J 15 



0.000118 
0.000121 
0.000124 
0.000127 
d.000130 



0.000133 
o 000136 
0.Q00139 
0.000142 
0.OC0146 
0.00014Q 



75»«4$ 
750967 

743906 

736958 

7301 19 



723586 
716757 
710227 
703793 

697494 



60 

59 
5« 

57 

54 
53 

Si 

50 

49 
48 

46 

45 

44 
43 

4a| 

633223(401 

627829 

622501 

617238 

612038 



69 1 206 
685046 
678973 
672984 
667076 



661247 
655496 
649819 
644216 

638685 



boC)S99 
601821 
596801 
591839 
586932 
582081 



Secant 



88 Degrees. 



*-*^/ 

Tangents and Secants. ( ^■l, } 


. D=g„:.. 






Tangent 




Secant 




30 

29 

'i 

z6 
^4 

20 

;i 
1 

7 

6 
5 

4 

3 

2 
1. 

s 


3q',8-4'79'9 
,,18.422717 
,8.427,62 
^ 8.4)1. s6 


9.9998JI 

9.9993+3 

9.99y844 
9.999S4 

9.999a ji 


8.41806S 
8.422869 
8,1276,8 
8.432315 
8.436962 


■ 1.5111932 
11.577131 
ii.J7=38^ 
11.567685 

■ 1.563038 


10 


OQO I 49 

0001 5 s 

000156 
000159 
oooi6z 


I. .581081 
11.577183 
11.572538 
.1,507844 
II.563ZOO 


T7,8.++'39t 
;«|8.4+S94' 
8+50440 
»'8.4S489! 
j,;8..4S9Ji' 
,0 8.46566 j 

;i;«.(6798i 

,,'8.472163 
J, 84764,8 


9.999834 
9.9^9831 
9.999827 
9999825 
9.999820 


S.441500 
S.446M0 

8.450613 
8-4!i07<: 
8.4!q48i 


.1.558440 
11.SS3S90 
11 549387 
11.544930 
M.540U9 


10 


000166 
000.69 
C00173 
DOQ177 
coo 1 So 


11.558600 
ri. 554059 
i..5495to 
11.545.07 


9.999816 
9.999812 
9.999809 
9.999805 
,.99980 


8.46384^ 
8.468,73 
3.4724;, 
8.476693 
8.480B92 


Ii.s36i;- 

ii.53'8;7 
11.527540 
11.523307 
11.519108 


to 


000. S4 

000191 

000195 
000199 


"■53633,5 
11.532015 

11.527737 

11.51930; 


4i«.*»4«4' 
;jS.488,i,3 
7'3.49304c 
48 8.497078 
„ 8.501080 


9'999797 
9-999793 
9.999790 
9.q997S6 
9,999781 


8485050 
8.489.70 
S.493250 
8.497293 
8.501298 


11.506750J10 
M. 498702' i:- 


000 Z07 


11.515152, 

11.506960 

11.502921 
11.498920 


30,8.503045 
5,8508974 
5,85,2867 
538.516726 
54852055, 


9-99977 i^ 
999977-1 
9.999769 

9.999765 
9.999761 


3.505267 
8.509100 
3.513093 
3.51^961 

8.520790 


'<-494733;'° 
1..490S0010 
1 1.4^6901 10 
M.483039I1D 
11 479210,10 


OOG2 21 
CC02 2( 
000231 

0001 3 V 


11.494955 
.1.491026 
1148713J 

.1.483274 
i'-47V445 


55?i=4!4) 
568.528102 
57 8.531828 

SSjSJSS'J 
558.5,5,86 
608.542819 


9-999757 
9-9997S3 
9,999748 
9-99974* 
9 999740 
9-99973 i 


8.524586 
8.528349 
8.532080 
8-SJi779 
8,539447 
^.543084 


11.475414 
11.471651 
11.467920 
11,464221 
.1.46055; 
11,456916 


lo 


00024; 
000147 
O00z;i 
000256 
000260 
000265 


11.475657 
.1.4711198 

1..4OS172 
11.464477 

IT. 4608 14 
11.457181 




SStte 




Tangent 




Secant 


Oi 


■^Mm^ 


_ 



( W ) A TaUe of Artificial Sints, 


2 Degrees. 




f 

1 
I 

3 

J- 
5 

6 

7 
8 
.9 

10 

iz 
'3 

L-f 

'! 
i6 
17 
|8 

'i 
«3 

:i 

iS 
»9 


Sine 




Tangent 




Secant 




&. 
J9 
S8 

V6 
SS 
J4 
>3 
S* 
Si 

49 
4.8 

47 
46 

4S 
44 

42 
*" 

9 

J** 

6 

~S 
4 

3 

1 

1 


8.546+22 
8.S4999; 
8-SS3S39 


9-99973S 

9-99973' 
9.999727 

9-9997=- 
9.991)717 


8.543084 
8.546691 
8.J50268 
8.5538.7 
8.557336 




4569 6 
«J309 
+4973^ 
44«i83 
442664 


.0.000265 
10.000269 
10.00027J 
10000278 
,0,00028, 


u.4!7i8i 
11.453578 
.1.450005 
11.446461 
M.4^io<6 


8.56054'- 

8-56743' 
«.57oa36 
8.574114 


9.9997 1 3 
9,999708 
9.99^704 
9.999699 
9.995694 


8.560828 
8.564291 
3.567727 
^■S7"37 
8.J74520 




439'7* 
4Ji709 
43"75 
4.8863 
423480 


10.000287 

10.000:96 
iccoojoi 
.0.000J06 


ii.43gfe,o 
J 1. 436001 

M 4:2569 
11,429164 

i<,4i57g6 


a.577566 
8.58089. 

8.584193 
8.587469 
8,5907*. 


9.999689 
9.999685 
9.99968c 
9.999675 
9.99:^670 


8.58775; 
8.591051 




415486 
41220; 
408949 


10.000; 11 
10.000315 
10.000320 
ic. 000325 


11,4.22434 
M.41910S 

M. 415837 

"■4'«!3' 

11,409279 


8.59,g4S 
3.597152 
8.600332 
8.603189 
P.60&62? 


9.999665 
9.999660 
9.99965; 
9.999650 
9.999645 


8.s,,,8j 

8,600677 
J.6ojSji 
3.600078 




4o;7'7 
402508 

3993*3 
3^6161 

10^022 


10.000535 
10,000340 
io.oooj+5 
10.000350 
10,000355 


...4060;, 
11, 40^548 
M.;99t68 
u,39S-., 
11.^9:377 


8.609734 
8.61 1823 

^15891 
8,6189,7 
8.611961 


9,999640 
9.999635 
9.995629 
9.999614 
9.990610 


n 610094 
a.6i,,8s 

8.616261 
8619513 

8.6ziiii 




3X99=6 
386811 
383738 
380*87 
777617 


10.0003' 
10.000365 
.O.OO0J7' 
10.000376 
1 0.0c 03 81 


1 1.38026^ 
11.387177 
11.384109 
11-3810&3 
T1.3-S038 

.'■37S''3S 
.1-372052 
II 369054 
11.j66.46 

11.363224 
ii-35o32o 


8.61456^ 
8.617948 

8.A30911 
8-633»S4 
8.636776 
8.6^96^0 


9.999614 
9.999608 
9.999605 
9-999597 
9999591 
9>999587 


86,555! 
8.618340 
8.631308 
S,634.;6 
S.637U5 
8.64000! 




374641, 
371660 
36S692 
365744 
361815 


10.00038^ 
[ 0.000392 
10.000397 
to.o^ejoi 
10,000308 
10.000313 






Secant 




Tangent 




Secant 



87 Degrees. 





Tangc 


nts and 


Secants. 




c«f) 1 








1 




2 Degrees. ■ 1 


30 

i; 

L« 
3! 

11 

4,0 

4' 

4-2 

»3 

+1 

4F 
,6 
*7 
l8 
4-5 
>° 
S' 
5' 
5? 
'4 
SI 
?6 
57 


Secant 




Tangent 




Secant 








8.6j968o;9.99v!80 
8.6^,;63 9.99v,-8i 
8.645+^8 9.s99!7S 
8.648.74 9.999;70 
8.651 ioa'9.g99564 


S.640093 
8.642982 

B-64!«S3 
8.648704 
8.65. 53S 


11.359907 
11.357018 
"•3S4-H7 
11 351296 
11.34S46Z 


!o 


000414 
CC0419 
000425 
000430 
000436 


11.3(10320 3c 

"•3574)7 »9 
... 35,571 !» 
11.35171617 
11.3,819816 


8 6;jg,, 
8,656702 

8-659475 
B.66i2;o 
H.66jig6e 


9'9V9SS3 
9-999547 
9-999S+I 
9-9y9S3S 


B.6S4JS* 
3.657149 

3.659918 
8.6626B9 
S.66S433 


11.345648 
11.34285. 
11.340072 
.1.3373'' 
11. 334^67 


;° 


000442 
000447 
000453 
000459 
000465 


"•3»'"'9'! 
1134315!!, 
11.3,05151) 
11.33777011 
11.33503111 


M.ti07f.89 
S.670393 
8.675080 
8.67575, 
8.67R40( 


9.999519 

9-999S»t 
9.599518 
9.99951 1 
9.999506 


S.608ito 
•■.670870 
8.673563 
8.676239 
8.6739C0 


11.331840 
11.329130 
11.326437 
11.323761 


'1 


000471 
000476 
000482 
000488 
0004 94 


ii.Jjijii" 
11.31960719 
11.31691018 
11.31,1,917 
11.31159516 


3.6.S1043 
8.683665 
8.6Sfi27z 
8.68-863 
8.6gi4;8 


9.995500 
9,999494 
9.999487 
9.999481 
9-990*7 1 


t(.t)His4^ 
8.684172 
3.686784 
8.689381 
8.69.9S3 


11.313216 
11.310618 
11.308037 


i^ 


000506 
000513 
000519 
000525 


11.311957 ,5 
11.316335,, 
11,313718,3 
,1.31113711 
1, 5085611, 


8.(193998 
8.696543 
8.699075 
3.701589 
S. 704090 


9.999469 
9.999462 
9.999456 
9.999450 
9.90^444- 


«.694529 
8.697081 
S.6996.7 
S.702,39 
3.704646 


11,405471 
11.302919 
11.300383 
J 1.297861 

"■'9i3^4 


i^ 


OD05)I 

000538 
000544 
0005^0 

000556 


[ 1.306001 10 
11.303,57 9 
11.300917 8 
ii..9S,i, 7 
,1. .95910 6 


3.706577 
8.709049 
'.711508 
8.713952 
3.716383 
».7i8Soc 


9-9994 37 
9-999+3' 
9.999414 
9.999418 
9-9994" 
9.999404 


8.707,39 
8.7C96.9 
8.712083 
8-7MS3! 
8.716972 
8 719,196 


11.292801 

1 1.290381 
11,2X7917 
ii.23s,fij 
1 1.283028 
11.780604 


10 
10 


000563 

000569 
000576 
000582 
000583 
000596 


11.1^3,13 5 
11.190951 , 
ii.il«,9i 3 
ii.iS6o,S 1 
11.1836,7 , 

11.181200 




Sine 




Tjjigent 




1 

Secant | 




87 Degrees- 



( ^^) A Table of Artificial Sic 

3 Degrees. 



Tangent 



Secant 



■ 72J595 
.72597* 



9.999+04 a. 

9.999398 

^■99939' 

9.999384 

9-?g9i78 



.itiabo4 
278194 
175797 



,000602 
100609 
000616 



178796 
276405 
174018 
^7'66? 



,7 }o68a 9.99937 



■733"7 
■73S353 
.737668 
■73Q9'^9 



9.999564 

9-9993 57' 

9-9993 ST' 
q.999j4T| S 



■73'3'7 
.73366J 
.735996 
.738317' 
-740616 



;68583 
■66337 
^64034 



,000619 
.000636 
.000643 

.000657 



Z69312 
266973 
264647 



.742159 
■74+536 
.746801 
■74905? 
■7(1197 



9-999336 
9.999319 
g.999311 B. 
99993'! 

9-9g9^°E 



.7ti9*» 
■74!2' 

■747479 
.749740 



:;7078 
:i4793 



,000663 
.00067. 

,00068. 
,00069; 



2)774' S 
i;!464 4 
z!Ji984 
150945 4 
148703 4' 
14647145 

24*041+3 
3984942 



■7S3i 
■7SS747[9 
■7!79J5 9. 
■76' , , 
■76^317W. 



.99931 
.999294 
.9991S6 
.999179J8. 



.754217 
-7S64S3 
,758668 
.76087; 



4i773 
43S47 
.141331 
39118 
36915 



I Q. 000699 
1*000706 
I 0)^00714 

.0007. 

000718 



'37663'4i 



•76+;ii|9. 
.766675,9, 
.768817:9, 
.7709709, 
S^TTJiojjg. 

•77>"}l9^ 
■7773339- 
■779434j9- 
.7815149. 
.7836059 
■73i67t| 



999265 

.999157 

999151 

99924: 

999*3': 

999:17 

999110 

■99911 

99910 5I 

.9991978. 

^9991898, 



.765: 
■767^ 
.769578 
.771727 



7823 
.784408 



■347S4 
iji;8; 
13041; 
=28273 
"6134 



■ 9-'78 
17680 
'S59 



00073s 

10743 

.000750 

iaooo758 



,000788 
0*0795 
.000803 



; 3 548940 
39 
3K 
59030 37 
" 36 



21+777 
112667 
110566 
118476 
216395 
21431s 



3! 



86 Degrees. 



Tangents and Secants. 



( 4*31) 



3 Degrees. 



a 
c 



30 

3> 
32 

33 

li 
35 

3^ 
37 
38 
39 

40 
4» 
4^ 
43 

1^ 

4S 

46 

47 
48 

49 

50 
5> 

52 

53 
54 

SS 

56 

S7 

ss 



Sine 



Tangent 



8.785675 
8.787736 
8.789787 
8.791828 
8.79^8(;9 



8,795881 
8.797894 
8.7^99897 
8.801892 
8 803876 



8.805852 

8.807819 

8.809777 

8.81172 

8.813667 



9,999094 
6|9>999o86 



8,815598 
8.817522 
8.819436 
8.821^43 
8.823240 



S. 825130 
8.82701 1 
8.828884 
8.830749 
8.8^2607 



8.834456 
8.836297 
8.838130 
8.839956 
8.841774 
8.843584 



9.999189 
9.999181 
9.999174 
9.999166 
9.999158 



9.999150 
9,999142 

9-999»34 
9.999126 

9.9991 1 8 



8.786486! 
8.788554: 
8.790613 
8.792662 
8.794701 



8,796731; 
8.7987^2: 
8.800763 
8.802765! 
8.804758! 



9.999110JS. 806742 
9 999io2'8,8o87i7| 



8.810683 
8.8 1 2641 



9.9 99077 8.8 14;89 ! 



9.999o69!8.8'i6529 
9.999061^.8 1 846 1 ' 
9.99905210^203 84 
9.9990448.822298! 
9.999036,8.824205 



9.99902718.826103: 
9.9990198.827992 
9. 99yoiO;8. 829874] 
9.999002:8 831748 
9 9q8993'8.8336i3, 



9.998984i8'83547« 
9.998976.S.837321! 

9.998967:8.839163 

9.998958,8.840998 

9.9989508.842825 



9.9Q8941 



Sine 



8.844644 



213514 
211446 
209387 
207338 
205299 



203269 

201248 

99237 

97235 
95242 



93258 
91283 
89317 

87359 
8541 1 



83471 
81539 
79616 
77702 

75795 



73897 
72008 

70126 

68252 

66387 



64529 
62679 
60837 
59C02 

57"75 

5<;i<?6 



Tangent 



Secant 



0.0008 1 1 
0.000819 
0.000826 
0.000834 
D.000842 



0.000850 
0.000858 
0.000866 
0.000874 
0.000882 



0.000890 
0.000898 
0.000906 
0.0009x4 
0.00C923 



0.000931 
0.000939 
0.000948 
0.000956 
0.000964 



0.000973 
0.00098 1 
0.000990 
0.000998 
0.001007! 



0.001016 
0.001024 
0.001033 
0.001042 

O.OOIOJO 

0.001059 



214325 
212264 
210213 
208172 
206141 



20411 

202106 

200103 

98108 

96124 



925 



94148 
92x81 
90223 
88274 

86333 



84402 
82478 
80564 

7S6S7 
76760 



74870 
72989 
71x16 
69251 
67393 



6S544 
63703 

6x870 

60044 

58226 

56416 



Secant 



30 
29 
28 

27 
26 



24 

*3 
22 

21 

20 

'9 
18 

"7 
16 

13 

12 

11 

10 

9 
8 

7 

5 

4 

.3 

2 

I 

o 



9 



1 



86 Degrees. 





( 4»6) Tangents and Secant 






K 


4 Degrees. 






1 


fsi. 




Targ.n 




Secant 




60 




I 


«l'8.»+3i« 


9 9989+1 8.84 4a^4ir.i,53jo 


1000105.) 


11.1504. 




P«|SS<i3« 


9.9989j28.84e45iii, 1(3545 




001 d6S 


1.-154613 


5? 






,8.347.8 


9.94a^238-M'<'o"-'5'74" 




001077 


ir..ii8.7 








5884897 


9.9y39i48.Sico;7 11.149^+3 




ODI086 


11. .5.015 


!7 






4S.8sQ7^ 


9.99890,-18. St. H46|ir.r48i54 




ooio,j5 


11.14921 


(0 




i9.8;i5i^ 


;.998S96;n.S;36jHJi 1.146372 


io 


O31104 


i..i474-f 






f 8.85(^9 


9.9988878,85540311. 14+597 


to 


coin3 


11.14570^ 


54 






78.8^6049 


9.99(i87888s7i7"'-H^8^9 


l3 




It. 14395 


>3 






SS.3;7Ho 


9,9988698.8i89i2l||.i4,05B 




001 E J 


11.142199 


!^ 






9'8.8(9^4f 


j..)G88iSo!8.86o6!i'>:ri. 139,1 + 


10 




111404(4 






■ I3E.S6I2K 


^9jaB;,}S.sft2433;.,..375D7 


10 


001149 


11. .,8717 






'1 B.8630ii| 


5.998S4,]8.86+i7jl|.. 13,-817 


Io 


0C1159 


n.i369«f 


49 






i»8.S6+73!r 


i;.998g3i8.M6i90;:ii. 134795 




ocii'j8 


11.135262 


4» 






138.866455 


■),g9S823;8.867632ii..j2)0;< 


10 


00117,- 


11.133145 


47 






i+3 868i'n 


9.'jg88i3[8.86gi5l!iM3c64g 


to 


001187 


..-n.8,i 






'i8.H69«GS 
't 8.871 ;6; 


j.99S8o4'S.87io64[i( tj8g3b 
39987958.87277011.127130 




00. lyb 


li. 130131 








001205 


1..Z843; 


+4 






•78.873155 


9,q9a73;8. 87446911. I25;3i 







1.126745 


4) 






'« 8.874938 


j.yg87768.876i6i;ii. 123838 




0=1224 


..12C062 


+1 






;?8. 87661, 


9.99B766 


8.8778J911 iJiH. 





OOliU 


..,2,,8- 






^o 8.878185 


9.99N757 


8.«79, 1911. .20)71 





0JI2 + J 


1.121715 






*' 8-879949 


9.9987+78.881202111,118798110 


OOII53 


l.J2O0jl 


J5 






118.881607 


9.9987378.88286911.1.7.31 .0 


ooiibj 


1.1.8393 


38 






*J 8 883*58 


9.9987288.884530... . 15470 >o 


001272 


..1.674' 


J- 






M 8 884903 


9.9987i8]8.8B6i85'i... .381,-1.0 


00128; 


i.iirog? 


it 
3S 




258.886542 


9.9987088.887833:11.112107110 


00.292 


I...3458 






168.888174 


9.998699 S.8S9+76 11 1. 0524.0 
9.9986898.S91112 11..0S888 10 


ooijoi 


>.iiiSi6 


J4 






.78.889801 


00.311 


..1.0199 


33 






288.891411 


9.99B679I8.S9274211.107158J.0 


OCH2I 


.-.08579 


31 






ig 8.89301s 


9.99866918.894366 


1.10563,110 


00133. 


t 106963 


3' 






jf 8.804643 


9.1)1.865918.80598^ 


1,1 0401 6 10 


OOIJ+1 


... 05157 


3? 

i 






Sine 










Secant 






Tangent 






85 Degrees. 





7W 



A Table of Artificial Sines, 



) 



4 Degrees, 



9 
C 

a 

y» 
10 

I 

12 

3 
4 

5 

7 
;8 

t? 

lOi 

1 

.2 

3 

i 

•s 

.( 

■7 
.8 

t£ 
o 

I 

2 

3 
4 

S 

;6 

J/ 

58 

59 

60 



Sine 



8.894.643 
8.896245 
8.897842 
8.899432 
8.901017 

8.902596 
8.904169 
8.905736 
8.907297 
8.908854 



Tangent 



9.998659'8.895984' 
9.998649 8.897596 
9.9986398.899203 



S. 910404 
8.91 1949 
8 913488 
8.915022 



9.998558 
9.998548 
9.998537 
9.998527 



8 91O5509.Q98516 



d.918073 
8.919591 
8.921103 
8.92261 ] 
S.Q241 1? 



8.925609 



8.928(;87 



8,933015 
8.934481 
8935942 
8.937398 
8.93K850 
8.040296 



8.900803 
8.902398 



9.998629 
9.998619 

9.998609 8.903987 
9.998 599I8.905570 
9.998589 8.907 147 



9.998578 
Q Qg8568 



8.908719 
8.910285 



9.998506 
9.998495 
9.998485 
9.998474 
Q.998464 



9.998453 



8.9271009.998442 



9.998431 



8.93006819.998421 
8.931544 



9.998388 

9 998377 
9.998366 

9.998355 



8.911846 
8.913401 
8.914951 
8,916495 
8.918034 

8^919567 
8.921096 
8.922619 
8.924136 
8,925649 



8.927156 
8.928658 
8,930155 
8.931647 



9.998410J8.933134 
9.998399 



8.934O16 
8.936093 
8.937565 
8.939032 
8.940494 



9.9983448.941952 



Sine 



1. 104016 
I • 102404 
1.100797 
1.099197 
I 097602 



1. 0960 1 3 
1.094430 
1*092853 
1.091281 
1.089715 



1.088154 
1.086599 
1.085049 
1.083505} 
I. c8 1 9661 



1.080432! 

1.078904' 

1.077381 

1.075864 

1.074351 



1.072S44 
1. 071342 
1 .069845 
1.068353 
1.066866 



1.065384 
1 .063907 
1.062435 
1 .060968 
1.059506 
1.058048 



Tangent 



85 Degrees. 



Secant 



0.00 
0.00 
0.00 
o 00 
0.00 



0.00 
0.00 
0.00 
0.00 
0.00 



0.00 
0,00 
0.00 
0.00 
0.00 



0.00 
0,00 
0.00 
0.00 
0.00 



o.co 
0.00 
0.00 
0.00 

0.00 



0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



34" 

35« 

361 

371 
381 



391 
401 

4»« 
42a 

43« 



442 

452 
463 

473 
484 



494 
505 

5«5 

526 

536 



S47 

569 

579 
590 



601 
612 
623 
634 

645 
65?* 



•05357 

»03754 
102158 

100568 

198983 



097404 
095831 
094264 
092703 
091 146 



089596 
088051 
086512 
084978 
083450 



081927 
080409 
078897 
077389 
075888 



074391 
072900 
071413 
069932 
0684^6 



066985 
065519 
064058 
,062602 
06 1 1 50 

o<;9704 



Secant 



3C 
29 

28 

27 
26 

25 
24 
*3 

22 
21 

20 

;? 

«7 
16 

»5 

M 

«3 
12, 

u 
10 

9 
8 

7 
6 

5 

4 

3 

2 

1 

o 



3 

e 



■■H 



1^: 



A Table of Artificial Sines, 



5 Degrees. 



^8.9*oi96J9.g983^8, 



I.9417J8 

i!a.9+3i7t 
ji3. 944606 



TangcDi 



9^983338. 
9.9983;, ■' 
9.99831. 
9.998300 



5 ^■9174!'^ 

' 3.9+8874 

-.9^0*87 

.951696 



9. 998*89 8. 
9.998J77 
9.99S266 
7-998=55 
124, 



■94'5S 
9+3404 

9+48; 
.94629 
■947734 



.949itia 

9S0597 
.9^202 > 

9SS+4I 

■9S+8;6 



.04940J I 
.0479791 
.0465591 



15IIC4S 

156596} 



,001656 

16O7 
1678 



i66|i 



.05970460 

,058«fiJs9 

'■126*58 

■o>S394's7 

559(16 56 

,525445: 
.0511165, 

■»497'Js: 
.048304 5: 
.046900 5 



i' 



08.954499 
1 8.955894 

28.957284 
313.958670 
413.96005, 



9.99825: 
9.99812. 
9.998209 

'i'97 



957^73 
,959075 

.960473 
961866 



3.961429 

.'i.96280: 
8.964170 
3.965534 

.i,966lJ93 



9.998 J 74 
9.998163 

9.99875 
9.998139 
9-998 



,963254 
964639 
96f . 
9^394 
.968766 



■o4J7i3l' 
,042327! 
.040925!! 

.0395271) 



.001768 
.001780 



.CO 1803 1 
8141 



04551 

.044106 
,042711 
■o+'JJ' 



,0353611 1 

.03393. |i 



.03857 
,037199 
,035830 
.034466 

33'°7 



9.18249 
8.9f.9r 
8.970947 
8.972ir 
''■9736' 



9.9981 16 

1.04 



9.998068,8. 



970133 

971496 
.972855 
.974209 
.971560 



02986;!' 

,0285041 

*7'4S|' 

2S79i|i 

.O2«440^ 



'3'7S 

.030400 

^9053 

.027711 

■026372 



8.974902 
S.976293 
",977619 
.978941 
8.980159 



;o56 8. 
J. 998044 S. 
9.99Soj2'8. 
9.9980; 
9.99801 
9^0979968, 



.976906 
.97^248 
979586 



13094; I 

2.7S2|l 

.0204*4" 

9079.1 
7749,' 

_ V'3 '_ 
Tangent 



84 Degrees. 



11944 

"95* 

,001968 

980 

992 



025038 

023707 
.022381 



A Tabic of Artificial Sines, C'K^) 


5 Degrees. 


S 

30 
3' 
3* 
33 

3+ 
3$ 

JO 

37 
38 
39 
40 

+' 

+2 

43 

4+ 
4S 
+f 
47 
48 
4i 

53 
54 
ii 

jO 

S7 
S8 
S9 


Sine 




Tangent 




Secant 




30 

\l 

'7 
16 

*S 

»4 

13 
22 

To 

>9 

.8 

•,l 

'S 

»4 
■3 

9 
8 

7 
6 

S 
4 
3 




8.9815739.997990 
il9».88j9.99;ya4 
8.98+1899.997972 

8.98s49'|99S79i9 

8.9807^99,997547 


8.983577 
(1.98+899 
8.9862.7 

3.9S7532 
8.g8gS4i 


11.016423 

11.015101 
11.013783 
ii.oii+6f 


lo 


001004 ii. 0.8+17 
0020.6 11.017117 
002028 I.. 0.58. 1 
oo2o+i,ii.oi4S09 
oc2o,-j!...o.3i.. 


S.988o839.99^.;35 
8-989374^9-9979" 
8,9906609.997910 
8,991943 ,.997897 
8.5931219.99788; 


8.990149 

8.991+51 
8.9927JO 
3.994045 
8995337 


ii.oo985i|io 
iiiOoSs+Jio 
1100725010 
I1.00S95S 10 
1 1.00+663 lO 


oo2o&i-ii.oH9.7 

ooao7li 11,0.0626 
002090'. 1.009340 
co2io3'ii.oo8o57 

0D2T.;!. 1.036778 


8-9944979>997''73 
8.995768,9.997859 
8,9970369.997847 
8.9982999.99783s 
8 999iS99-Q978z' 


8.956024 
8.997908 
8.999133 
9,0:0465 

9.00173*: 


11.003376110 
11.002092I10 
ii.ooo8i2jio. 

">-999535i'° 
10.998262' lo 


002127.1.005503 
OOZI4..I.00423I 
002153.1.00296+ 

002165 11.001701 

ooji78|ii-ooo4+i 


9.000816 
9.002065 
9-co3Jii* 
9.00+563 
9.005 Soi; 


9.9978099035007 
9.99779719.0042;! 

9.997784 9.0OJS34 
9-99777 ',9-006792 
9.9977589.008046 


10.996963I10 

]O.995728'i0 
10.99446610 
10.99310810 
,o.99i9i;3!'o 


0021911.0999.8+ 

o;2203.io.99793" 
002216 >o,99638» 
oo2229;io.99s+37 
ooji242'io,994'9! 


9.0070+4 
9.oo!ii7a 
9.009510 
9.010737 
9,01.961 


9'99774v9-'^09^9>i 
9.9977329.oiOi+6 
9'9977'9J9-o"79° 
9.99770619.013031 
9.997693 9.OU268 


10.950702 
1098945+ 
10.9B8110 
.0.986969 
10.985731 


lo 

10 
.0 


00225510.991956 

002108.0,991721 
002281 10,99049a 
002194I. 0.989263 

□02^07110.988038 


9.o<j>8z 
9,014+oe 
9015613 
9.016814 
9.018031 
9019115 


9.997(180^9.015502 
9.997667J9.016733 
9,99765+9.017959 
9.9976419.019183 
9.9976289.020+03 
9.99761+9.021620 


10.98+49B 
10.983267 
10.98204. 
10.980817 
.0,979597 
.0.978380 


10 

10 
JO 


0023^0 
0O233J 
0013+6 
002359 
001371 
001386 


.0.9868 >8 
.0.985600 
10984387 
10,983176 
.0.98.969 
10.980765 




Sine 




Tugeat 




Secant 


i 




«4 


r 


1 



? 



t 



I 



1 

ll 

I 



I 

I 

Hi 



II' 



■I 



\7W) 



A Table oF Artificial Sines, 



6 Degrees. 



3 

C 



Sine 



Tangent 



o 
1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

«3 
«4 

»5 
i6 

|8 
"9 



9.01923519.9976149.021620 

9,0204359.997601 

9.021632 

9.022825 

9.997561 



9.024014 



Secant 



9.99758SI9.024044 
9-997574 9-o*S^5> 



10.978380 

9.022834I10.977166 

10.975956 



9.028744*9.997507 
9.02991819.997493 



9.025203 
9.026386 

9.027567 



9-997S47 

9-997534 
9.997521 



9.031089 
9.032257 
9.033421 
9.034582 

9-03 5 74" 



9.997 4i>o 
9.99746^) 

9-99743 ^ 



9.02^)365 



9.027655 
9.028852 
9.030046 
9.031237 
9.032425 



9.0330C9 
9.034791 
9.035969 

9-997439|9-037H4 



9-9974«'> 



9.036896 
9.038048 
9.039197 
9.040342 
9.041485 



9,99741 1 



10.002386 
10.002399 
10.002412 



1 0.974749J10 002426 
10.973545*10.002439 



10.972345 10.002453 
10.97 1 148110.002466 



10.969954 



10.002479 



9.0^831^ 



9.039485 



9-997397|9-O4065i 

9.997383|9-04«8i3 
9.9973699.042973 

9-997355 9-044" 30 



20 

21 

22 

23 
«4 

25 

28 

29 
30 



.9.042625 
9043762 
9.044895 
9.046026 
9.0471^4 



9.048279 
9.049400 
9050519 

9.05i63(; 
9.052748 
0.0^1859 



9.997341 

9-997327 
9.997313 

9-997299 
9.907281; 



99.97271 

9.997257 
9.997242 

9.997228 

9.997214 

9>9Q7'9 9 
Secant 



10.968763 10,002493 
10.967 ?75|io.oo2507 

10.OC2520 
10.002534 
10.002548 
10.002561 
10,00257^ 



10.966391 
10.965209 
10.964031 
10.962856 
10.Q61684 



9.045284 

9-046434 
9.04758; 

9.048727 



10.960515 
10.959349 
10.958187 
10.957027 
10.9^5870 



10.954716 
10.953566 
10.952418 
10.951273 



9.O4Q869 10.Qs013I 



10.002589 
10,002602 
10.002617 
10.002631 
10.002645 



10.002659 
10.002673 
10.002687 
10.002701 
10.002715 



9.05ICC8 

9.052144 
9.053277 
9.C 54407 
9-055535 

g.o^66;9 



10.948992 
10.947856 
10.946723 

10.945593 
10.944465 



IO.OC2729 
10.00274) 
IO.OC2758 
10.092772 
10.002786 
10.94^341110.002801 



Tangent 



0.980765 

0.97956$ 
0-978368 

0.977 »75 
0.975984 



6 

$! 

$: 



0-9747975' 
0.97361 4|5- 

^•972433$: 
0.971256.5: 

0.970082151 



c.9689ii!5< 

0.9^77434' 
0.9665 79 [4I 

0.96541 8.4; 
0.964 25g!4( 



0.963 104*4 

0.9619524, 

0.960803J4 

0,959658 

0.958515 



4 

4< 
3^ 



0.957375 
0.956238 

0.955105I3 

0-953^^74:3: 
o.Q^2846|3< 



0.9517213^ 
0.95060G 3. 

0.949481 y 
0.948365 3 
0.947252 
0.946141 



Secant 



3 

V 



2 

a 
c 

n 



83 Degrees. 



ATablcofAriificiaiSiiifs, C "^J* ) | 




6 I 


>egrees. 














S 

5- Sine 




Tangent 




Secant 




9.054961, 

,; 9-056071 


9-997 '99 
9.997 18, - 
9.997170 

9.997156 
9.99714. 


9,056659 
9-057781 
9.058900 
9.060016 
g-o^tifo 


lo 


94334-'(>o 
94.21910 
9+110010 
9399«+io 
giSajoio 


oo.-BQi'io.9(Oi4i3C 
coi8i5|l0.94;0)| 15 
^01830 10.9^3939 !>■■ 
00184410.94881^17 
ooi85q'ia.9i.I739iG 


38 9-061639 
^^g 065723 


9.997.17 
9.997 "J 
9.997098 
9-997°83 
1^.997068 


9.061 140 
9063 341. 
9.064453 
9.065556 
9.066651; 


;° 


9377C0.0 
9366;» 10 
93! 5471 'o 
9J4444;io 


001B73 IO.94063JI5 
ooiSS8|io,9J954o:4 
001901.10931*44913 
ooi9i7iio.937iOi 21 
O02gii'lo.9j6i77 11 


^.ob^Sob 

^j 9.066961 
,- 9068036 
.^9-aS9'07 


9-9'J70)} 9007752 
9.9970j9'5.o63346 
9>997°»4 9-o''993S 
9.997oa9'g.o7ioj7 
9,Q96q9+'9.072ii3 


lo 


931148,10 
93115410 
93006110 

92897310 
91788710 


001947110.935194 ^■^ 
ooi96'|'°-934"S '9 
001976,10.933038 10 
001991,10,931964 '7 
00300610.930893 16 


^. 9-o70i;6 
^.,9.0711+2 
,-9.071305 

^0 9-07++'4 


9'99fi979;9°73'9; 
9,996964'9-074!7!S 
9.996949;9.o753s6 
9-99693ti9-07643^ 
9.99fig'99.O77S0i 


10 


916803 10 
915712 10 

914&44IO 
913468,10 
91119510 


003o36,io.9j875S I4 
oo3o;8,!o.9i7(:95 "3 
0030&6 10.916634 '» 
003081110.915576 M 


.09.075480 
:i 90?'5S33 
.9-o;7i83 
-,9.078631 
,-i 907957'' 


9.9909O+]9.D7a;76 
9.996889,9.079644 
9.996874:9,080710 
9.996853:9,031773 
9.99584i!9.o8z8n 


10 


911414 
9/0356 
919190 
918117 
917167 


lo 


oo3096;io.9i4sio'o 
00311110.913467 9 

O03IZ6 10.911417 6 

00314210.911369 7 
003I57II0910314 ^ 


U.o8'7S9 

9.C81797 

-89.083831 

9 9.°M6t 


9. 996S18 9.083391 
9.9968la,s.o8^947 
9.99679719,086000 
9.9567819,087050 
9.99676519.088058 
9.9967519,089144 


;° 


916109 
9I50S3 
914000 
911950 
911901 
910856 


003171:10.919281 S 
oo3i83|io. 918141 4 
003103 10.917103 3 
003118 10.916168 * 
oo3iHio-9'S'.i^ ' 
0031^0,10. 914106^^ 




Sine 


Tangent Secant | 






8^ 


D 


grecs. 




1 



G B 2 



( 'iSi } A Tsble of Artiftc'ial Sines. 




7 Degrees. 




1 

S Sine 

5 




Tangent 




Secut 


■ 




J 9.088970 
4 9.085590 


9.99675 
9-99673; 

9.g9t68>> 


9.0B9144 

9.090187 
90912ZE 

9.092266 
9.093301 


(O.910S56 
10909813 

10.908772 
10.907734 
10.906698 


10.003249 
10.00J265 

10.00J2B0 
10 003 Z9t 
10.003312 


10.914.05 6 
10-913078; 
10.9120535 
10.91.030 J 
10.9100105 


9 
8 

7 
6 


5 9.09ioo>i 
b 9.092024. 
79-093037 
89.09+047 
qp.coso,-t) 


9-99^^73 
9.996^-17 
9.956641 
9.99661; 
9.996610 


9094335 
3-091367 
9.096395 
9.09742! 
-y.o9S4.4(. 


10.905665 
10.904633 
10.903(105 
lo.y3257if 


10.003317 

10.003343 
I0.0O33S9 
1 0,00337 S 
10.D03390 


10.90899a J 
to 907976 5 
10.906963 5 

10.905953 ; 


S 
4 
3 


109.09606} 
II g.o>i;o6s 
ii9.p<)So66 
i3 9.oy9c6; 
149.101-061 


9.996594 
9.99657V 
9-99'JS^'i 
9.996s4f. 

9.9964 JOj 


9.099468 
9,100487 
g.mi;o4 
9.101519 
9.i05!3i 


10.900552 
10.899,-13 
io.8g84.,6 
10.897481 
10.396468 


10.003406 
10.003412 
10.OC3438 
10.003454 
;o,ooj470 


.0.9039385 

10.9019354 
10.9019344 
10.9009354 
10.8999384 


9 
S 
7 
b 


i;^. 101056 

163,102048 
1-9.103037 

Th 9.104025 


9.996514 

9.9.^498 
9.99^48; 
9.99646; 
9.996449 


9.ii)4;4i 

9.io;i5o 
9.io6;;6 
9.107559 
9.108560 


io.S954sh 
19.894450 
10.893444 
10.891441 
10.831440 


10.003486 
10,003502 
.0.0035,8 
10.003535 
10.00355, 


.08989444 
10.8979^4 
10.896963 4 
.0,8959754 
10.8949904 




^09., 05991 
11 9 ro^973 
229.1070}! 

J3 9-'o«9'7 
149.109001 


q -9964 3 3 
9.996417 

9-99^40^ 
9.996384 

9-9fl636fi 


9-1^9559 
9.110556 
9.111551 
9.111545 
9.113^3, 


10.890441 
10.B89444 
.0,888449 
10.887457 
10.886467 


10.003567 
1 0.003 ! ^ ' 
io.ooj6=i 
10.003616 


10,8940084 
10.8930273 
10.8920493 
10.8910733 
10-8000993 




nj.iioJirs 
269.111942 
179.111809 
IB9 1IJ774 

'9 9-'M737 
jc9.M,-93 


9.99635' 
9-99^33! 

9.996518 
9.996302 

9,956»6<j 


9.11452. 

9.115507 
y. 11649 1 
9'"7«7» 
?.n84!» 
9.IH)J2q 


10,885479 
10.884493 
10.883509 
10.882528 
10.881548 
,0.88057. 


10.003649 
.0.003665 
10.003682 
io.o«369S 
10.00371; 
T0.003731 


lo.B39.27j"' 
10.888158, 
.0887.9' 3 
10.886226, 
.0.885263; 
FO.884J02 , 






Secant 




Tangent 




Secant 1 
S 




82 Degrees. 





Tangents and Secants. ( 'h-sS ) 


7 Degrees. 


S 

3° 
3' 

3^ 
13 

i5 
3" 
37 
38 
'_? 
to 

43 
+4 

\l 
+7 
i« 

(9 

S3 
JS 

!5 


Sine 




Tangent 




Secant 




30 
"9 

11 
■7 


9.15698 
9.M66S6 
9.117611 
9...8S67 
g, 1191:19 


9.996109 

9.9962; 2 
J.9962JS 

.;.996z.B 
9.996»oz 


9.119429 
9.120404 
9-'=!'377 
9,122348 
9-'*33i7 


! 0,880571 
10.879596 
.0.878^23 
10.877652 
IQ.8766KI 


10.00373. 
10.003748 
1D.003765 
10.003781 
10.003798 


!o 


S804K1 


9.120469 
9.. 214.7 
9.1*1361 

9.123306 
9.12+148 


9.99611(5 
9.99616S 
9.996151 
9.996134 
9.996117 


9. 124 184 
g.125149 
9.126211 

9,127172 


10.875716 
10.87475, 
10.873789 
10,872828 
10.87 IS70 


10.003815 
10.003 S3 1 
10.003849 
10.C03866 
10.003R33 


'Z 


»79!li 


9,is,-ra7 

9.1* 706a 
9- '27953 

9.li8qi^ 


^.996roo!7.W9^«r 
9.99608319.130041 
9.9g6o66'9. 130994 
99960499.1319+* 
9-996ojj!g.i--289? 


10.870913 

l:>.969^5g 
io.a69co6 
1 0.8680 5' 
.0.B67.07 


IO.OOJ!)O0 
10.0^=3917 
10.005934 
10.003951 

10.003968 


10 

10 


»7,»,3 

87j8;i 

87*007 
«.io?. 


9.ii98s4j9.99fiou|g.i3i839 
9.i307Si9-99I99''|9-'3+73.! 
9i3i7o69.99;g8o9-'3S7*6 
9. 1 316309.995963 9-1 30666 
9-nji;i;i9.99i'3-'59 '370o! 


.0^8652 17 
■ o.Sf4274 
10.863334 
10.862:95 


10.0039^5 
10 004002 
10.004020 
10004037 
1^.004054 


10 

10 


H70H6 
86,;, 9 
868^34 
867);. 
t66„. 


9.134470^,995928 9-13854* 
3-i3?387,9-99S9" 9-'39476 
9. 1363039.995894 9-MOi09 
9.137116^.99^8769.141340 
9.1381479.9958^919.14=^69 


10B61458 
.o.3io^Z4 
10.859591 
10.858660 
io3?7-ii 


IO,004072|10 

lO.ooioSglro 
io.oo4io6|io 

I0.034I24JIO 

io.o.->4i4'|io 


S65JJO 
S6,c„j 
8636,, : 
86!7a, 
S6.8;j 


9-'390379-W584' 
9'399*4b-99S8i3 
9.140850b. 995806 
9.141754,9.945788 
9.14265519995770 
9'43!S59-9')!753 


9.143196 
9.144121 
9.14:044 

9.1468^5 
9.147802 


10.856804 
108,-5879 
10.854956 
10.854035 
10.853115 
10.B5Z198 


10.004159 
10034.77 
10.004194 
10,004212 
10. 004230 
10,004247 




«605f,3 
8600J6 

8S»!4! 
8i7J4S 
85644! 




Sine 




Tangent 




Secant 








- 


**«recs. 


1 



Ti*2-f r;-5 ="d S^car.is. 



5 Dfsrt^s. 






^-Ttf 



«- - « . M_ ^ « « • • -^^ « «■ • » — • w ^ - »^« w^— • 



• • ■ - 



-:■ . .>:::'^. c-cc:»: : -: 



a « « «i 









5 .v. 



i::^ 






c cxw . . :;^ ^- :i;^~> :r*$A*ci; --'00443$* 



:,:.-• «,*,:c:*. i:>r-: .c 54:5=9 i^-cc^-iS; 



x.^> 



oc^ 



«^. . • » 



• -« C ^ — ■^ ^.^ • • " " J 



» \ ? « • ', .^"^ ««« « *« \^»«« ***,'* '** 

.XXA*« «X «^ X A « . ^^ M^S^^. .« 



- i 



• . « « ^ , V^ « ^« «.--X M.*«. .•^••^ >«.>WviE^'>«> 

^ * < X 



X 



« « X X X 
• *« ^ «x.«- 



_ * 



_ « « X « > 

X > X ■ ^^ \ 



i^r 















T • x\ I .''?A^.? I r >.: I X = 1 : c.o:>466r 



'>c :-:o;c K"* > = S;.-i 1C.OC4722 
r.^c 4*i>cc i?.S = >4C! io.c»474C 
4ic.i*=7^" ir.?=-25; 10.00475^. 
:: c :•5^:J..l^ >26jOr 10.0C4778 
."; j.i'iAO,*' o >i;;g 1.10.00479- 



Sire 



Tangent 



385554^59 
C.85465158 
0-85375757 
3.S{2864 5^ 



o.«5 1 974 
0.S51C85 
0.^50199 



55 
54 
53 



^-^497»4 5* 
3-848431 5« 

0'«47549 50 
0.846670U9 

o-84579*k8 
^844v*«7 47 
o 844 045 4^ 

45 
44 
43 
4» 



0.343170 
0.842300 

0.S41431 

OaO J ^\0^ 

o.3;g-oo|4i 



0.838836 
0.837975 
0.837115 
0.836257 
o.83n40o 



0.834546 
0.833693 
0.822841 
0.831992 
0831144 
0.830Z98 



Secant 



40 
39 

38 
37 

35 
34 
33 
32 

?? 

o 

B 

s 



81 Degrees. 



— 


—■ y^ — r 


Tangents and Secanrs. ( y^^ ) 


8 Degrees. 


5 
2. 


Sine 




Tangent 


Secant 




i"o 




9.g952039.i;4499|"'-B^^SO'I"'-°°+W 


lO.i^Oi^ti 




y- 170546 


9.gv;.34g.i7Si6i.o8H''J«i'=' 






a294ji 








9.995 16 j'9,1 76224 10.823776 


lu 


004835 


10 




ij 




g. 172250 


V-995'4%-'77o34'"=-82»9'6 


lU 


00485^ 




82777^ 




}* 


9.1710-0 


9-99S"7'9-'7794^ 
9.99iio8'g.i7S79g 


10.8220,-U 


lU 




lU 


Bi!j930 


^i 


g.i^jgoa 


10811201 


10 


004892 






if- 




9.9gSo8g9.i79'5ii,'°-S^°34l 


lu 


0049 II 


10 


^2S2SL 






9'7SS7' 


9.9950709.1(1050810.819492 
















9,995051 g.iSn^o tci.Bil!64o 


lU 


D049+9 


lu 






39 
40 


9.i7724»!9'q9':<'l*9-''"" 




.0' 




lu 


821; 5 f 


IC 


9.i7Wo7i'9.99soi3 9.i8!o;9 


1O.S1094I 


004987 


10 


H2192H 




9.i78go09.994993;9''83^'>7 


lo.Sioog; 














9.i797i6|9.9ii4974 9-'847?» 


10.815248 






10 


820274 






9.i8)S;i9 9949S5i9-'^S597 


10.8144OJ 








Ki86a 




+5 


9.1^1,37+19. g94V1';yi'8o4^? 


io.8ij.^6i 


IJ 




"- 


'5 


9.]i2iyO'g.9949i6'9->87JSo 


IO.»137zp 


10 


005084 


10 


8.7804 


(ft 


;.i83QK,9.99489^i9-'SSiJO 


io.8ii8ro 


lU 


005.0+ 


lu 










10.81104; 


lU 


□0512; 


lu 






tS 


9.18465. <J,9948S7|9•'8979^ 


lO.Bioiob 








81534^ 




49 
^■0 


9-iS(466,g.9C}48i8j9 (90619 


13.809571 


10 




HI4514 


ic 


9.i8628o:j,9g48ii9-'9K6j 


.0.4)08531! 


10 


oojiai 


10 


813720 




9.i87ogj9.994798 0.-92294 


10.807706 


lu 


005201 


IV 


K 1 2908 


^ 






10806876 


lu 


005221 


lu 


....y; 




il 


9.1887119. 9^47599.19395! 


10. 80604 J 












94 


g.i8g5i9l9.9g47i9!g. 194780 


.0.805.10 


"- 




lu 




__ 


>{ 


9-'9°i'S 


g.9947i99-'95fi°6 


. 0.804 J94 


10 


0052S1 




«og07s 


S 


';'> 


g.tgnso 


).9947O0 9'9^43=^ 


10803570 


10 


005300 


lU 






i7 


9-'9'93J 


J.994680 9.1971;! 


.0.80^747 


lU 


005520 


lu 




■ 


?B 






ro.Boigz' 


.0 


005340 


lu 












.o.-aoiio6 


.0 


ooi3''o 


n. 






io 


9'9433*99^+'^2a|9.i997i2 


10.80018S 




Secant 


,£ 




Sine 




Tan gem 






81 Degrees. 



Ge4 



{'^^ ) Tangents anJ Secants. 


9 Degrees, 


3 
4 


Sine 




Tangent 




Secant 




7.194J5: 
9.19,1:9 
9,i9;9iS 

?.i967ig 
^.197(11 


g 9.HOJ0 

9.9;46o. 
9.99+5 8c 
9.9^4560 
?-994S4° 


9.1997.1 13 6--o-S« 
9.»oo5iy.o.79W' 
9*013+ 5]io.79865s 
9.2011^910.7978+1 
q.20i97i|io.7(,7oS9 


1° 


oojiao 
005400 
005+10 
005440 
005460 


10.80560860 
10.80487. S9 
10,804075 s8 
.0.8031S. J7 
lo.aol+gg 56 


(i 

7 

9 

'3 

ii 

;i 

'3 

»7 
z3 
Z9 

3? 


9.19B30* 
9.199091 

9,199«79 
9.100666 


■J-99+i'9 
9-994499 
9.99447' 
9.99+459 
9.904418 


9.20378J.10.79611B 
9,104592 10. 79; ,08 
9 105 400], 7946CO 
9.106307 10.79J793 
J. 207013110. 792987 


lo 


0J5481 
00550. 
D0552. 
005541 
005562 


.0.80169S ss 
10.800909 54 
10.8001a. S3 

'0-799334!^ 
.0,79854951 


9.JO30I7 
9.103797 
9.204577 
9'0S3?< 


ii-994397 
9-994377 
'J-9943S7 
9,99+316 


19.107817,0.791183 
9208619,0.79.38. 

9.209+10 10.79058^. 
9.2ioi!o|io.7897So 
j.2noi9|o. 788981 


11 


005582 
oosooj 
00561J 
0056+3 
005664 


.0.79776650 
10.796983 W 
10.79620, +8 
10,795413+7 
10,794646 ♦& 


9.Z06131 
9.106906 
9.107679 
5.108451 
9.109Z2Z 


9.99+316 
J 99429s 
9»994^74 
^-99425^ 
9.994233 


9.2 1.8. "5 

9.212611 
9.213405 
9.214198 
9.21+989 


io.78«.9s 
10,787389 
10.786J9S 
10785802 
10.785011 
.0.78411. 
10.78343* 
■ 0.782644 
10.7S1858 
.0.78.07+ 


10 


5056^4 
005705 

oos7»6 
005746 
005767 


16.7938694s 
10.793094 +4 
io,79i3»i43 
10,791548 ♦* 

10.79077841 


9 209991 
9.ii076c 
9.1-1526 
9.211291 
9 luo^i; 


9.99+212 
9.99+191 
9.99+171 
9.994150 
9,99+119 


9.1.5779 
9.216508 
9.Z173S'' 
9.1.8.4' 
9.218916 


'1 


005788 
005809 
005829 
005850 
005871 


10,790008 40 
10.789140 39 
.078847438 

10.78770937 

10,786945 it 


9.2-38.8 
9.2it;79 
9.215338 
9.116097 
9.116854 
9.117609 


9.99410K 
9,99+087 
9.994066 
9.994045 
9.994014 
9.904003 


9.2.g7'o 

9.220+92 
9.121171 
9.122052 
9.222830 
g.2;i6c6 


i0 7-o:9ojio 
10.77950810 
io.778728].o 
,o.777948!"o 
,0 777.7o!io 
.0,77639+1.0 


005892 
0059,3 
OOS93+ 
005955 
005976 
00(997 


.0.7E6182JS 
.0.78542134 

10.78466233 

.0,783903 J2 
.0.7831+6 i' 

10,782391 JO 




Sine 




Tangent 




Setml S 








80 


[tegrees. 






1 



Tangents and Secants. 



TWT 



9 Degrees. 




59.128784 

^89.730984 
49.911'-'' 

;i9.i33i7i 
i;z|9.i33899 
.IJ46; 
'3S349 



.136073 

9.13679s 
375'! 

J8953 
3^°7° 



Z9007 
*9774 



■9;)37**9|9.»3 , 

.9937689.232065 

■993746'9-ai28z(. 

■995:^S:9-^33S"' 

,.j9370j;9.z34}4S 



10.77253010, 

10.771761 10, 

■-77099310. 

.77ca26| 



'■99j6^'|9»3S 
..99366O19.Z3SB59 
.99363819.236614 
..U93iii69.2j7368 
P4;9-»3 ■ 



.i4i8< 



..9935729.13837; 

'■993SS<'|9'*3962: 

■■9'935^8i9.i4037i 

.993507 g.i<i--' 

^21484 

.993462 

.993440 

.,993418 

.9933(^6 

•993374 

■999 i^ 



9.242610 

9-H3354 
9.244097 
9.244839 
9.245579 
9'^4i^3'q 



77!'394 
775618 
774S44 
77407 
771300 



.00604c 
00606 
00608. 



76869810. 
.76793510. 
,76717^10. 
.76641J10. 

7656ii |io. 



1^, 

.006146 

.006163 



■006254 
,006297 



.7b4897|: 
764I415, 
763336J1 
762632'] 
76i&io;i 



7611381) 
7603 7 81 1 
7596291. 
75S8&2I 
7Sgi3; 



7S7J9' 
756646 
7SS903 
7S5"i5. 
7544* 
753681 

Tangeot 



,006340 
.0C63E4 



006428 

.00647 
'6-193: 

.006^16 



■oofi538 
;6s6o| 

.006604 
006626, 



7^. . 
7816372. 
7S0S84 li 
0,780132 
77g»8a 



.77863325 

.77788531 

0.7771392; 

0.776394 »= 

°-77i65' " 



0.774908 2. 
o.774if 
0.773427 I 
.77*689 1 
°-77i95' 



0.771*1611 
0,770481 1. 
0.769748 i; 
1.769016 1: 
768285 I 



0.7675561. 
0.766828 . 
.0.766101 
0765375 
'■764'' 5 1 



.763^: 
,763205 
.762485 
.76.76^ 
10.761047 
07 60330 J 



Twr 



A Table of Artificial Sines, 



10 Degrees. 



J.139C170 
J.x^o^B6 



9.143137 

9-»43947 
9.»t46s6 
9.24;363 
9.14606^ 



J.I47478 

;j. 24818 



Tangent 



9'9933S 
9 9933^9; 
9.993307, 
9.9932S+ 
9-993'^^ 



|9-Mti3<9 
9.247057 

i9'i47794 
. 48s3< 
9''49^''4 



g.993240 
9.993217 
9.99319s 
9.993172 
9.993149 



9,249998 

■so;3o 

51461 
9-*S"9» 

9.252020 



9-993 

9.993104 

9.99J08: 

9-9930S9 

■9993036 



9.253048 

9-M4374 
(J.2SSIOO 



).iSi677 

9-zS*373 
9.2;3°'^7 



9.99 V 
9.992990 
,992967 
9-99294+ 
9-99^9 



Secant 



257209], 
257990; 
2S8710 
259428 
2^0.46! 



,753bSi| 
7S*943 



49270 
7+8; 19 
74780,; 



7463)2', 
,745626 
744900, 
,744175 
7434<3 



,742c 



,K:J, 



,006649 
.0066J1 

,006693 
.0067 It 
,006718 



16760 
,006783 
.006805 
,006828 



'873 

,0^69 f 9 
.006941 

'6964 



.007010 

7033 
,007-! 5 6 



0.7003306 
o-759<5»4'( 
0-7S 8899:5 
o.7s8mDk 

"■75:7474 f 



0-756761! 
°-7S6o53S 
^■7SJ344 5 
='■754^37 f 
°-7;39J't 



'■7S322: 
0.75252^ 
0.751819 ♦ 
0.751 
0^7104171* 



0.7497, 8 f 
0.749020 f 
o 7483*3 « 
0-7476*7 * 
o 746<i33 P 



.253761 
■'S4-1S3 
■»5SM4 
■255834 
.2561 



9.992898 
9.992875 

,99285 
9,992825 
g.Qt)29ofi 



9.263, _ 
9' ^637 17 



,25721 

.257898 

.258583 

.259268 

,2(99ii 



9.992783 
9.992751 
9.992736 
9-992713 
9.9926891 
9.992666 

Sine 



9. 2 6442a 

9.265133 

■65847 

. !665S5 

19.267261 

67967 



739>J8 
■7384*2, 
73770*' 
■73699; 
736283 ' 



071C 



'"94 



■74SS47 a 
744856 J( 
.744166}] 

-743477 M 



735572, 
7348f>s 
734153, 
73344S 
732739! 



,007217 

,007241 
72t>4 
7287 

,0073, 

■o"7334 



79 Degrees. 



0.742789 
0.742102 
0741417 
074073 z 
0.740049 sj 

10-739367 i 
Seaut I 



,,19.26131 + 9 
3jl9.zfj.99V9 
3j]9.x62673;9 
5^19^1633^.9 



Tangents and Secancs. 



i%; > 



10 Degrees. 



;9.l6+Oi&9' 

^^9.»64;o3>9 
57'9^65377|9 
,89.266o;i'9 
39;9J|^67i3 9 
^o9.z67jqi'9. 
9.i68o6^j9< 
^.19.1637349 
43!9-^694«5' 



992666 
.991643 
.992519 

•99^)9- 
■99'i7- 



,99i;tg 
991S15 

,992501 
952578 



4;!9.^?' -. 

46 9'27'40'> 
,y(,'.2-'Zo53 
^89-2727=6 



9 2740^9 

. 7470S 

9.275367 

!76o24 

176681 



.992431 

.992406 

.9923829. 

.992358 

■99»33S 



99*3 

,992287 
.992163 



'77337 
,27799' 
.278644 
,279297 
279948 
■'7°S99 



.992069 
.992044 
.99^0; 
.991996 
99197 
•99 '947 

Sine 



Tangent 



269375 

170077 
70779 



17 '470 
172.78 
72876 
7Ji73 
'74*69 



174964 

t756;r 
[763; I 

77°43 
'77734 



278424 
279113 
279801 
2804BS 
2Bi'74 



181858 
282542 
'83 . 
283907 
84588 



285:6^ 

s»S947 
28662.; 
2873»i 
287997 
2886;. 



.732333 
■7 3 '3*9 

.730625 
719923 



0.727S. 
0727124 
0726427 
2211213 



725o3(, 
7»4J4» 
723649 
7"957 
722206] 



721576, 
7208871 
7201991 
719512 
718826] 



.717458 
7'677S 
716093 
7i;4 



7'473 
7 "405 J 
7133715 
712699 
712023 
7■■3^8 

Ta Dgeni 



.0073341 
73S7 

.007464 
.00742S1 



.00745 

,007475 

,007499 

.0075 

■°07!46 



.007570 
■007594 
.00761 S 
,00764; 
.D07665 



:689 
.0077 1 ! 
.007737 
007762 

■786 



.007 8 

7834 
.007858 
.007883 



0793 

.007981 
.008004 



.738006 
.7373=7 



■73S973 
■735^97 
.7346=3 
■733949 
733£77 



73»6os 
■73'93! 



730598 
72993 



.729265 
728600 
■7^7937 
727274 
.7266i 



■7*S9Si 
72529: 

724633 
723976 
7=t3i'9 



721356 
720703 
720052 





I 



I 



( 460 ) A Table of Artificial Sines, 



1 1 Degrees. 



.81897 
9.i3i544 
J-a33'qo 



9.183836 



, j9-*9soi3 

6y.i84+8o9.99i799S''»9''68. 

" 5H93JS' 

9-2940' 7 

9-^9^684 



9.991813 



).iasi24 

9-'8S7&6 , 

g.ag64o8|7.99i;a4 



9,991699 

9.991674 

. ^■99'649 

9.288964.9.991634 



9- 1 9960c 






Tangent 



9.991947 
999192: 
9.991897 
9.991873 
9-99 '848 



9.i886{ 
9.2S9316 

9.289999 

190671 

9''9';4 



i9-*9;3-V9 
9.296013 
9.2966^7 
9>297J39 



9.991599 9-198' 



9.290236|9.99'S7-t 



69.290870 
17M9'S04 
"S1.291IJ7 

9.191768 



9-99 1 i49 
9.99 1 524 

9.991498 
9-99'4T3 



15 J. 1965 39 9.991 3. 
"9.2971649.991295 



93399 
(►•'94019 

9.294658 9-99> 397 
.3952S6 
'9?9'3 



9,297788 
,984: 

9.2990J4 
996s i 



9.991170 
9.991244 

9.9912, 
9 99'" 



Sioe 



9.298662 
^99322 
, 299980 
9.300&38 
9-3°'a9^ 



.711348 >o. 



■ 710674 lO.U'.OI 

.7ioooijiaoo8 
.709329; 

.708653 



1.707987J1 

..707318- 

,706650 

.705983 

.701:316 



■70^65- 

?o3987 
703323. 
-702661 I _ 
.701999 lb. 



9.JO'9S' 

9.302607 

9-3°3 

g.303914 



9.305218 
9.305869 
9.306519 
9.307167 
9.307815 
9.108463 



1.C08177 

.008216 
.0082 j 



1.008326 

.00837(1 
'840 



.700020J1' 
.6993621 1 

■■69B705;J_ 



> 69S049 
1.697393 

1.696739 
1.696086 



1.694782 
> 69 + 131 
'.6934&1 
..692835 

.691537 



Tangent 



78 Degrees. 



.008053 



.00S421. 
.008476 

3oH; 
.008527 



i.oc8j5i 
1.008577 
1.008603 
1.00862^ 
>86h 



10.7194 

10.71875259 

.0.71810358 

ID.7.7456 

10.716s 



1O.710I&4 
10.7145" 
.0.714876 
10.714234 



3.711036 



..709764 
1.709130 
.-708496 
'.707863 



>.oot)iJ79 

.008730 
.008756 
.008782 
.008807 



[ 0.70597. 
■70Si4' 
■704714 

i0'7O4o87 



...70346- 
10.702836 








Tangents and Secants. C 461 ) 




1 

1 

JO 

Jl 


11 Degrees. | 




Sine 




Tangent 




Stout 






9.199655 
9.300176 
9.30089; 
9.301514 
9.30^131 


9-99«'93 
9.991167 
9.991141 
9.991 1 15 
9.991090 


9.308463 

9- 309 '09 
9.309754 
3310398 
9-3"04* 


[° 


691537 

690891 
690246 
63960* 
68I958 


Id 

IC 

10 
10 


008807 

008833 

008859 
008885 

008910 


10.70034s 3<= 
10.69972429 
10.69910528 

10,698486 27 
10.697B68 z6 




1^ 

37 
38 
39 
♦0 
t' 

+3 
tl 
45 
46 
♦7 
48 
49 
50 

S^ 
J3 
54 
S) 

56 

S7 
SB 


9.30:1749 
9,303364 
g. 303979 
9-3°4S93 
g-10i;i07 


9.991064 
9.991038 
g.ggroii 
9.990931: 
9.990960 


9.JM68S 

9.31*327 
9-3' 2967 
9.313608 
9-3 '4*47 
9.314885 
9-3'S52J 
9.3,6159 
9.31679s 
9-3'7430 


1° 


68767, 
687063 
686392 
685751 


10 


008936 
008961 

008988 
009014 

□09040 


10.697251 2; 
10 696636 *4 
10.696021 *3 
10.695407*1 
10.6947932, 




g.SOjMig 
9.306430 
9-307041 
9.307650 
9.3o;ii;g 


9.990334 
9.990908 
9.9908S2 
g. 9908 5; 
9.990829 


■ 


6851,5 
684477 
68384. 
683*05 
682570 


;° 


009066 

009091 

oogiiS 
00914s 

009171 


10.694181 20 
10.693576 '9 
10.69195918 
10.69235017 
10691741 '6 




9.308867 
9.309+74 
g. 3 10080 
9.} 10685 
9.311180 


9.S90B03 
9.990777 
9.990750 
9.990714 
9.99^:697 


9.3 '8064 
9.318697 
9.3193^9 
9.J19961 

9.J2C.S92 


10 


681936 

681303 
680671 

660039 
679408 


|» 


009197 
009223 
009250 
009*76 
009303 


10.691133 ,5 
10.690520 14 
10.689920 13 
10.689315 12 
io6«8^u ,, 




9.311893 
.9-3''49J 
9.313097 
9.313698 
9.314.207 


3.99067 1 
9.990644 
9.99061? 
9.99059. 
9-99056; 


9.3»"85i 

9.J22479 
9-3>3>o6 
9-3*3733 


10 


(17S778 
678,49 
677521 
676894 
676267 


10 


03932y 

009356 
009382 
009409 
009435 


10.688107 10 
10.687505 9 
10.686903 8 
10.680301 7 
10.68 (70i 6 




9.314B96 
9-3' 549 i 
9-316097 
9.3if698 
9.317284 
9-317879 


9.990538 
9.990s '' 

9-990485 
9.990458 
9.990431 
9.990+04 


9-3H3S8 
9.324983 
9.3*5607 
9.3*6*30 
9.326853 
9 3*7+74 


!o 


675642 
67J017 
67439J 
^7377° 
i573'47 
671526 


to 


009462 

009489 
009515 

009542 
009569 
009596 


10.085104 5 
10.684505 4 
10.683908 3 
10.68331* 2 
106S1716 1 
10.6X11K 






Sine 




Tangent 




Secant s 


i 


J ■ 7 
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■)9 Ji'r=3>5'-^rrr;;i"ii>; 


c.«;8„;j.o.-.,o 


-;i;.6:S57,l3: 


i49-IJ'9=i?-9&i/45'5;**'ii 




.-. .».»-.j-!3i 



i<i9-33JCii;9 98969 ;i-J433;^ ii.!.;66. 
»; 5. 333614 9.pi'9'^f'J95439if 
if!'> 334l9Si9>^/';7,9-34+""' 
199.334766 9.9B9fc9,y.i4j; 
?o V-333i37 9-9^'JS^'|'J-34<7» 



f 66949 3i 
o 665376,33 



iz.6j6c4! [0.C1CS3J 10 665376.33 
ii.£,-j4jz 10.0103^.3 io.66;8c>,- 31 
iz.65+e4j|io.oio;5i io.66s*34 3l 



5 10.0l04]g 10.66466313^ 



1 'anger.: 



yy Degrees. 



Tangents and Secanis. ( ^^. ) 


12 Degrees. 


5 
30 

3' 
3» 

33 

Ji 
J6 

37 

!■; 

to 
+ ' 

13 


Sine 




T^geni 




Secant 




9J5!337 
g.335906 

9-337043 
g. 117610 


y.y8958i 
9.989s ;3 
9.989525 
9-989497 
9.989469 


-3+57SS 
■3463i3 

•34^949 
■34754; 
.34S14. 

?'34873I 
■3493*9 
.349911 
.350514 
.35110S 


10.65414s 

10.653647 
10.653051 
10651455 
10.651859 


10 


0104.9 
010447 

01047s 
010503 
010531 


I0.664ti63 JO 
10,664094^9 
.0,6635x5 *B 
.0.662957 *7 
10.662390*6 


9.318.76 
9-33874^ 
9.339306 
9.339871 
g.H04U 


9.989441 
9.989413 

9.9S9384 
9.989356 
9.989128 


10.651265 
1 0.65067 1 
io.650Q7£ 
10.649486 
10.64^894 


10 


O'O))? 

010644 

010672 


.0.661824*5 
10661258*4 
10.660694 *1 
10.660129 ** 
10 659566 !i 


9.34095& 
934'i!8 
9.341119 

9.342679 
9343il9 


9.c;89299 
9.989171 
9.989243 
9.989214 
9.9S9186 


.351697 
.352287 
.352876 
-3534^5 
■35*053 


10.648303 
10.647713 
10.647124 
10.646535 
10.645947 


10 


010701110. 6;90O4 *o 
01072910.658442 '9 
010717 10.657881 "8 
0.078610.657321 17 
0.081410656761 It 


+5 

i4 

60 


^■343797 
9-34+3)5 
J-3449'i 
9.345469 
9-346024 


9.989157 
9.989128 
9.989100 
9.989071 
9.98904: 


.35464c 
-355*^7 
-35SS'3 


10645360 
10.644775 
10.64.4187 
10.643602 
10,643018 


IC 


010IJ4J lo, 056203 15 
0.087110.65564514 
oio9oo^io.6s;o88i3 
0iO929!io.f54i3. 12 
01095810.65387611 


9-346)79 
9-347'34 
9.347687 
9.348140 
9.348792 


9.989014 
9.988985 
99889s' 
9.9^893; 
9.988B98 


.3^7566 
.358149 

■3SS73' 
■3!9J'3 
.359893 


10.042, 3 4', 
.0.64.85110 
10.64.2^9,0 
io.64o687!io 
ro.64o[07]io 


01098610.653411 It 
011015 '0.651866 9 
0.104410.652313 8 
01107310.65.760 7 
onio2|io.6(i2o8 ( 


9-.H9J4j;9-9883'i9 
9-3498939.988840 
9-3S°443 9-988811 
g.3;o99z;9.g8878! 
9-3S'54099887;3 
9.3i2oli8,9.9S87i4 


-3S0474 
-361053 

.361631 
.362210 
.362787 
363364 


.0.639526 
10.638947 
ro.6]8]68 
10.637790 
10.637213 
10,636636 


lo 


01.131 

01116c 
0.1,89 
01.1J8 
0..247 
01.1T6 


.0650657 5 
10.650107 4 

.0,64955^ J 
.0.64900S 2 
10.648460 1 
10.647911 t 




Sine 




Tangent 




2 

Secant 1 






1 














1 



{ 4^ ) A Tabic of Artificial Sines, 


13 Dcgrws. 


1 «» 




Tangent 




Secant 




,9.352535 
,51.353.81 

3 9-3537^6 


9.98^724 
9.988655 
9.98^666 
9.988636 
9.93M607 


9.3 6330 
9.36394 

9.36451^ 
9.36509c 
9,365664 


10 
10 

ID 


.63663 

63606 
63548 
63491c 
6u.3.t 


10,01127c) 10647912 6a 
10.01)30^10.647365 59 
10.01133,10.64681958 
10.0.1304 10.646174 J7 
iooii393i'o645729s6 


5 9-3Si»T 
69-3S^3S» 

89-356443 
^9.356,84 


9.988578 
9.988548 
9.988519 
9.988489 

g.q88,(6o 


9,366237 
9.36681a 
9.367382 
9.367953 
9.36851. 


Iq 


633763 
63 J 19c 

1^32618 
632047 
631476 


100114*2 

10-011511 
10.011540 


.0.64518555 
10.64464254 
10.644099 53 
'0643557 5» 
10.643016 51 


io9-3i7S*4 
1,9.358064 

1 J 9-3 5 8603 
ij9-3S9'4i 
■ 49-359679 


9.988430 
9.988401 
9,9^8371 
9 98S34I 
9.98S317 


9.369094 
936966. 
9.370:3' 
9.370799 
9.371367 


.'0 


O3090L 
630337 
629769 
62920 
6.863, 


10.011570 
.0.011599 

10.011629 
.0.01.658 

1 0011688 


10.64247650 
.0.64.93649 
10.6413^748 
10.64035947 
to.64031,+6 


.J 9.3601,; 
,69.j6o7si 

,7936,287 
i89-36'8" 
,q9.36z3;6 


9,98Szai 
9,988152 
9.988223 
9.988193 
9,98816, 


9-37 '933 
9-371499 
9.373064 
9.373629 
9 374191 


(□ 
10 


t>28ob7 
627,-01 
626936 
626371 
675807 


10.01171S 
10.01. 748 

10.011777 
.0.0.1807 
10.01,817 


io.6397»5 45 
10.63924944 

10.63871343 
10638171142 
.0.637644 4-1 


2o'9.3628e9 
2,936342? 

I29-3639S4 
23 9-3644,85 
1^9,365010 


9.988IJ3 
9,988103 
9.98B073 
9-988043 
9-988013 


9-374756 
9.375|'9 
9.37588. 
9-376442 
9.377001 


10 


615244 
624681 
6i+[i9 
6.3558 
62jg97 


10.0,1867 
10.0.1897 

10.011917 
10.01.957 
10.01.987 


.0.637111 4c 
10.636,-78 39 
10.63604638 
10.6355.537 

10.63498, JO 


zj|9.36;s4b 
169.366075 
i;J9. 366604 
i89 367'3* 
299-3576S9 
30 9-363 1 8s 


9.987983 
9.987952 
9.987922 
9.987892 
9.9S7862 
9.987831 


9-377S''3 
9.378123 
9.378681 
9-375239 
9-379797 
9.380354 




6224J7 
62.877 
621319 
620761 
620103 
619646 


10.012017:10-63445435 
iooi2O48!t0.6339Z5 34 
10.01 2078 10 633396 33 
10.011,08,10.6318633* 
10.0. 2, ;8'D. 63134, 3' 
10.0,216910.63,81; 30 




Sine 




Tangent 




Secant g 


76 Degrees. | 



Tangents and Secants. 



( 465 ) 



I 3 Degrees. 






369136 
3697'' 



9.9117831 

g.987771 
9.987740]^. 



57<JJo 
37'8s 
37^373 
37aM9t 



9.y[i7t)79 
9.98 7 64^, 
9.9!i76jti 
9.987588 
9-9^71 S. 



3734'4 
373933 

3744; 

■374970 

375'l87 



9.g87i2t 
9.98749. 
9.987465 
9987434 
9-9^7'° 3 



370^ 
370519 
377°35 
377549 



37M577 
379089 
379601 
380.1; 
\So6i. 



3»"3^ 
381643 
. 38^1?: 
9 38266; 
9.3B3i(!d 
9 3''367i 



yjSoy. 
9.381465 

^.J82020 

9-3^";7j 



9.91*737: 
9.987341 

9.9873 IE 

9.987279 



Panget 



9.385129 
9.38308. 
9.334234 
9 384786 
9.38i337 



9 386438 



9.3H753! 
9.38808: 



. .sa6j 
9.389171; 
9.389724 
9.39027. 



9987J'« l 9-3';'^Si; 



9.9S7217' 
J 987 1 86 
9.987155! 
^.987'*. 
■J-9^7°9' 



,9'39'3S9 
9,391901 

!9'39Ht: 
19,392989 



9,98706; 
9.987030J 
9.987998 
1^987967' 
9.987936 
9-9879°4 



,9-394073 
i9-!9t6'4 
,9 39S'S' 
.9-39^693 
9,396133 
''96'' 7 



01 9046 
,619090 
,618535 
61 7;; So 



037 
.61631H 
,615766 



,6,356: 

.613013 

.464 



- 0.6},: . 

9 10.630764 2J 
10,6302392 
10629715 4 



.0.629192, 
0.6286702. 
.0.62814 

; 10 627027; 
0,627106 - 



112566 
'12507 



.62658621 
.626067 1 1 
10.6255, 
.62503: 
£245^311 



;76l. 
.6o973oh 
,(■0918511' 



112659 



10.623^97 I 
10,62348, I, 



.1272J 
= 127521. 



608641 
608097 
^o7S!3 
.607011 
606469 



2783 

28,4 

3.012845 

>.oi2S76 

2903 



10.62091] 
J. 620399 ' 
).6i9B87 
3^6i937(. _ 



,60538611 
.604846' 1 1 
,60430711 
603767^11 

Tangent 



)i2g;9 
.12970 
)i3oo* 
"3033, 

M 30641 

M_30g5j 



,618806 • 
io.6i83!7 
10617848 : 
10.617340 1 
10.616832 

■°-6T6l2i 

Secant 



76 Degrees. 



C 466 ) 



A Table of Artificial Sines, 



14 Degrees. 



■383f7S 
.584687 



.386201 

.387207 
.387709 



3Ba7.f 
3B911 
38971 



.391703 
.J9iic,9 
.391695 
■393'9° g' 



393685 
.3941799. 

.394673 
.395166 
39^t'58 



.596151 
.39664 
■397' J 
.19762 
,39811 
.J9S600 



.9B6S4 
.986801 
.9867741 



1.9866S] 
..9866;! 
1.986619 



Tangent 



9-39077' 1 
9.3973091. 
9.3978461 
9.3933B31 
2^39891911 



1.602691 
>.6o2i54 
>.6oi6i7 

1.60108 



9-3994): 
9.399990 
9400524 
9.401 ojE 
9'40'i9' 



.9865879.4021 
.9B655;'9-40i656 



1.9865^3 
1.9-649 
|-9Sfi4;9 



9.403187 
9.403718 



.986417 
98639; 
,r,86363 
,986331 



600545 
600010 

s 99476 

59894 
^9^409 



9.404778 ,Q 

9.to;io8io. 
. .83610. 
9.40O364 to 
9.40^892 10. 



597876 
597 344 
596813 
SV6282 
i9t7; 



.9KC>2ti&j9.4074i9 
986334^9.40794^ 
(,86202.9.408471 
9aGi69'9,iOi(997 
98611719.10 



5952. 

594692 

,594164 

(93636 
59311 " 



159*5! 
3.592055 
J.591529 
3.591003 

Ji;9P479 



..98ijiotg.4io-45 
1.986072:9.410569 
,.986o39;9.4t togj 
1.98600719.41 t6l; 
|-985')7494'' 
ig85942V-4'265S 



3.5^J9g55|lo, 
3 58943: 



3.588385' 
3.58786311 



Tangent 



.615313 
.614K08 
61*103 



10789 4._ 

10189 48 

.609790 47 

09291 4[ 



.608794 
,608197 
607B01 
,607305 
6068 



606315 
.60582 
.605ii' 
,60483, 
■60434 



60; 8^ 
.6033 i 9 

.602868 

060 1 889 
.601 40c 



4V 



75 Degrees. 



Tangents and Secants. ( 467 ) 


14 Degrees. 


1 

i 

3 

32 

33 

y 

J5 
J6 
J7 
JB 
39 
+0 
+ ' 

4J 
44 


Sine 




Tangent 




Secant 




g.yjHboo 
9.j9go3a 
9-}99>75 
9.^00062 
g,loD;^9 


9,98594 
9.98590 
9.98187 
9.98584 
9.98581 


9.413658 
9.41 J '79 

9.413699 
9414219 
9-4'47ja 


.0.58630, 10 
105857S110 
10,^85262,10 


o.4csb 
014091 
0.4121 
014157 
014189 


10.60140;}° 
10 60091229 
10.600425 i8 
10,59993827 
io.,;994;[ it 


9 4--'03S|9.9K577 
9,4015209.93,-74; 

9.4024899.985675 
9.«029729,98;64fi 


94'S^5/ 

9-4'S77i 
9.416293 
9.416810 

9.417325 


10.5847+3 10 
10.584225 10 
10.58370710 
10,58319010 
10,581674.110 


0.42;; 
014288 
01432. 

0.4J54 


.0.59890; 2; 
1059848024 
'0-59799! '5 
10.5975H z» 
105970282. 


9-40J4SSi9-9Ss''i 
9-40J93H,9-98!?8c 
9.404420 9.985^47 
9.404901,9,985513 
g4o,-38z'9.9g?48o 


9-417842 
9.418358 
9.418873 
9,419387 
9,419901 


10.5821,8,10 

10,58061 j'lO 
I0-<;8oo9g,l<3 


o.43}(7 
014423 
0'4453 
0144S7 
oi452n 


1 0.596 j4<;2c 
10.596062 '9 
10.59^580.8 
10.595099 '7 
10,5946.8 '6 


4S 
16 
47 
48 
49 
io 
S' 
5^ 
55 
54 

11 

11 
11 


9,405802 
94o6j4' 
.;.4o682o 
9-107295 
9-4"7777 
9.408254 
9,408731 
9.409107 
9.409631 
g.410'!:- 


9-98 J44; 
9.985414 
9.985380 
9.985347 
9,985,14 


9.420415 
9.420927 
9.421440 
9.411951 

9,422463 


I0S79S»i 
JO.579073 
.0.578560 
10-578049 
io,577i;l7 


10 


oi45!J!'o-;94138 'S 
01458010.59365914 
01462010,59318013 

01465310,592701 12 

0. .,68610 5g22i, .[ 


9.98 J 280 
9.985247 
998S^'3 

99S5180 
9,985146 


9,422973 
9.423484 
9.423993 
9.424503 

9-425011 


10.577017 
10,576516 
10 576007 

"O.S7S497 
10. 57,089 


10 


01472010.591740.0 
01475310.591269 9 
01478710.590793 8 
O148201O.5903.8 7 
014854 .o,5M4' 6 


9.4100319,985112 
9.4111069.985075 
9-4'i5799.93;o4s 
9.4110529.985011 
9.4125249.984978 
9.4129969,984944 


9-425519 

9.426027 
9-4'6S34 
9.427041 
9,427547 
9 4^8052 


.0.57448. 
'0-S73975 
10,573466 
10.572959 
to.572453 
10,57.948 


lo 


0.488a 
014921 
0.4955 
014989 
015022 
0.5056 


'O.;89j0(i 5 
10.588894 4 
.0,58842. 3 
.0.58794B a 
10.587476 1 
10.587004 




Sine 




Tangent 




Secant £ 

. 2 


75 Degrees. | 










H h 2 









( 4^8 ) '^ Table of ArtiBcial Sines, 



15 Degrees. 



,2 

a 






Sine 



0I9.4. 12996 
,19.413467 

9.41440b 

0.4.4878 



3 
14 

5 9-4M347 
9.415815 

9.416283 

9.41675 1 

Q.4»72I7 



Tangent 



9.984944 
9 ^84910 



9.429052 
9.428557 



9.984^76,9.429062 
9.9848429.429566 



9.984S08 



S 
9 
o 

: I 

2 
3 



V.417684 
9.41 8 149 
9.418615 
9.419079 

9-4»9«r44 



9.984774 
9.984740 
9.984706 
9.984672 
g.9846^7 



5 

6 

/ 

20 

21 

■ 

22 

23 
24 



5 



27 
28 



9.420007 
9,420470 
9.420933 
9.421395 
9.421857 



9.422318 
9422778 
9.4x3238 
9.423697 
9.424156 



9.984603 
9.984569 

99845S5 
9.984^00 

9 984466 



9.43007c 

9-43""573 
9.431075 

9-43«577 
9.432079 

9.432^80 



9.984432 
9.984397 
9.984363 
9.984328 
9.98429; 



9.424615 

26[9. 425073 

9.425530 

9.42998; 

2919.426443 

^09.426899 



9.984259 
9.9^422^ 
9.984189 
9.984155 
9.984120 



9.984085 
9.984050 
9.984015 
9.983981 
9.983946 



9.433080 
9.433580 
9.434080 

9-434579' 
9.43^078! 



9-435576( 
9.436073 

9.436570 

9.437067 
9-437«;63 



9 43b059 

9.43«554 
9.439048 

9-439543 
9.440036 



9.440529 
9.441022 
9.441 5 14 
9.442006 
9.442497 
9.98301019.442988 



Sine 



0.571948 
0.571443 
0.570938 
0.570434 
o. (J 69930 



o 56.^427 

0.568925 

0.5(8423 

0.56792 

0.567420 



0.56^)920 
0.566420 
0.565^,20 
0.565421 
0.^64922 



0.564424 
o 563927 
0.563430 
0.562933 
o 562437 



o 561941 
0.561446 
0.56C952 
0.5604:7 

0.51:9964 



0.559471 

o 558978 

0.558486 

0557994 
0.557503 

0.C57012 
Tangent 



74 Degrees. 



Secant 



0.0 
0.0 
0.0 
0.0 
0.0 



0.0 
0.0 
0.0 
0.0 
0.0 



0.0 
0.0 

0.0 

0.0 

0.0 



0.0 
o.c 

0,0 
0.0 

0.0 



0.0 

0.0 

0.0 
0.0 

0.0 



0.0 

0.0 
0.0 

0.0 
0.0 

CO 



056; 

090 

124 

158 

192 



226: 
260 

294 

328 

363 



397 

43' 
465 

500 



56i 
603 
637 
672 

70-' 



7-f* 

811 
845 
880 



9«5 

95' 

985 

6019 
6054 
6ogo 



0.587004 

0.586533 
0.586002 

0.585592 

0.585122 



0.584653 
0.584185 
0.583717 
0.583249 
0.582783 



0.582316 
0.581851 
0.581385 
0.580921 
0.580456 



0-579995 
0.579530 

0.579067 

0.578605 

o.«j-8i43 



0.577O82 
0.577222 
o 576762 
0.576303 

'^•575844 



i 
3 

ts 

5 
S 
5 
5 

> 
4 
4 
4 



0575385 
0.574927 

0574470 
0.574013 

0-573557 
o 57:4101 

Secant 



4 
4 
4 
4 
4 

4^ 

3! 
3 

3 

3^ 

I 

3- 

3: 
3 

3 

2 



c 



Tangents and Secants. ( 469 ) 


15 Degrees. 




1- 




Tangent 




Secant 




JO 
3' 
M 

H 


g.+26899;9.9839ic 
9-4^73S4.9-98i87 
9.4i-8o9j),93]84c 
9.418263^9.93380 
9-+*87'79-9*<J'7C 


944*988 
9-443479 
9.443^68 
9 4444S-^ 
9-444V47 


10.557012,10 
10,55652. iO 
10.55603 2; 10 

10 5^554= 'o 

10.^^^053.0 


016090 io.S73'0' 3^ 
016125 '° 57^6^6*9 
016.1010.572191 =8 
.-16.95 10-57.737^7 
Oi623oi:.57r283 at 


1^ 

S7 

J-) 


94291709.983735 
9,4196239.98,700 

9.430075 9.985664 
9-4J0S»7;9i983*2/ 
9.+30978:9,983;9I 


944J43i 

9-44!92i 
9.446411 
3.4463^6 

7-4471''l 


10.554S-.S ID 
'"■554077;'° 
10.553589110 
10.55310210 
io.5526i6'«o 


ci62;i5|. 0.570850*5 
016300(0570377 ^■f 
016336,10.569913 23 
016371:10.569473*2 
□ 16406,10569022*1 


40 
41 
4' 
4J 
4' 

1^ 

♦ 7 
48 

49 

SO 

S' 

S^ 
5" 

!4 

r^ 

s? 

60 


9-1^'4'9V>''3i>^' 

9-43 1 879 9-9835* 
9-43^3^^;9-j8-'48? 
9.4]i778'9.9834;2 
9433116 9.98-,4i6 


944:«7- 
9.4483;6 
9,44884. 
9-4493*6 
9 4498 It 


.0.552.3010 
'"■S;i644|io 

.0.551, ,-9^10 
1055067410 

io,5<;oiflo;io 


0164421.0.56857.^^ 
o.6477i.o.568r2,'9 
016513 10.567672 IS 
0,654810.567222-7 
6584!'o 566774!^ 


9'433 7S'9-983i=c 
9.434iii'9.y8334 
9.4345699.983 }09 
9.43^01619.983173 
9-43;46i-9.()S3i^8 


9.450294 
94S°777 
9-4Si2r.o 
9-4P74 

9,452706 
9.413187 
9.453668 
9-4J4'48 
9-454628 


1054970!) to 
io.549"3'^ 
.0.54874010 
10.548257 10 
10,547775 lO 


o.662ojio.5b:j3ij 15 

01665510.56587814 
01669-10,555431 13 
oi67Z7;(o,s6498j la 
o.6't.2V5^4n^" 


9.43590H 9.98310. 
9.436353 9-983'6i' 
9.4367980.983130 
9,4,7242,9.9*3094 
9-437686|9.983o;8 


.0.54 29^ lO 
IO.5468IJ 10 

10.546332 10 
10.54585210 

10.54i;i72'to 


0.0798 
016834 
016870 
01650:; 
016042 


10.504092 to 
10.563647 9 
10,563202 8 
.0,562758 7 
.0,562,14 6 


9.4JH129 

9-438571 
9.439014 
9.4394!6 
9.439897 
9.430338 


9.983022 
9.982986 
9.9829ic 
9.9829r4 
9.98287), 
9.982841 


9-4S!'07 
9-45S586 
9,456064 
9-4Sf'S4= 
9.457019 
9 457496 


0.54.8^310 
'054444 'O 

,0,54393610 

o-S434S8'o 

0.542981.0 
0.541504110 


010978 
017014 
0.7050 
017086 
017122 

OI?l.th 


.0561871 5 
10.56141S 4 
10.560986 3 
10.560544 a 
.0.560.03 1 
)0 55«66» 


Sine 




Tangent 




Secut 1 


74 Degrees. 



H h 3 





( 470 ) A Table of Artificial Sines, 




16 Dtgrees. 




fl ''"' 




Tangent 




Secant 








-^ig.4403]S 9.98 = 8+1,9.45749 = 


io.542504;io.oi7i3-. 


10.559062 


60 




i9-44'=?7f' 


99828059.45797; 


10.547027 




017.9 


io.j;92Z2i!5 




*9-44i'>8 


9.981769 9.4S8449 


10.54155 




01723 


io.S58;82's8 




39.441658 


9-9S*733,9-4S89JS 


IO.S4IC7J 




0172D7 


'o.55834i;i7 




4 '7.441006 


5.982696 9.459400 


io.;4o6oa 




017J04 


10.5 579O' 


;6 






9.9816609.459875 


10.5^0125 




0173,0 


10,557465 


!S 




65.44=975 


9,98;6i, 9-46034' 


10.539651 


10 


017376 


10.557017 


51 




-9.4434(0 


9.9S2587 


9.4boB2; 


io.53gir7 




01741; 


1D.556590 


S'i 




8 9-14J«47 


9.98*511 


9.461297 


10,53870; 


10 


017449 


10.55615; 


52 




,^^.444184, 


9.982514 


9.461770 


10.538230:10 


r»74»C 


10.555716 


50 




0.4417^= 


9.982477 


9-4S"4* 


'o-S377S8;io 


°'7i^3 


io.5;5iSo 




'9.44S'5I 


9.98J441 


9.4617 14 


to,S372a6;io 


o'7i!9 


10.55484s 


4'; 




2S-44^S90 


9.9SHO4 


9,463186 


io.s368i+!io 


□ 17591. 


,0.554410 


4« 




3 9 *;6oi5 


9.98^567 


9.463658 








47 




4q.44'>4?Q 


99H23J1 


9.46+128 


io.53i87>io 


017669 


lo.t'JlS*' 


1^ 
45 




59-H>'''.;3 


9.98Z194 


9.464599 


.o.5354=":'o 


o,7;,?[ 


10.553107 




6 9.4471I'' 


9-9a">7 


9 46so69'io.5349jil|o 


°'774^ 


,0.551671 


44 






9.9S)a'J^ 


9.465539110.5344011,0 




10.55114. 


41 




('9.4481s' 


9.4S2 1S-. 


9.466008,1 0.5 3 3991], 


0178,7 


10.55.809 


4* 




99448^2; 






10.5335141,0 


o,r«?4 


ioi:5i;77 


40 




09 449054 


y.qSllOq 


/.400945 


105330551,0 


01789, 


10.550946 




, ;, 41948^-9.982072 


J.4''74«3 


10.53.587,0 


oi792( 


10.550515 


V 




» 9,44951 ;.j.g8233s 


S.+67880 


.o.s,zi2o.c 


0,7^)65 


10550085 


18 




l9.4iC34;y.<jSi<j;h| 


9-46«3+7 


io,S3ific3,o 


018002 


10.549655 


17 




-9., ,-077.; 9.4810S1, 


p.46-8>4io.53"86|io 


018030 


10.5491'! 


36 




:; ).4si2C4 9.9tli9i4| 


.469180 












,^9.4116319.981886! 


.469746 


1053025410 


018114 


10.54836834 




79.451060 


9.98 IS49 


.470ZI1 


10.529789,0 




'o-i4794o;J3 




'ig.4SH8** 


9.9818.2 


.470676 


"O5=53*4'io 


0.8, fi« 


0.547512132 




v..4!^9'S 


9-9" 17:4 


.471141 


10.518859,0 


o,R.26 


to.5470853, 




cg.4nus 


9.98.7.^ 


.471605 


10.(28395 ,0 


016.6, 


10.546658 


JO 






Sine 




Tangent 




Secant 


i 


73 Degrees. | 



Tangents and Secants. ( 47' ) 


1 6 Degrees. 


1' Sine 




Tangent 




Secant 




3oiJ4S3J^9-g8i737 

319.4541949.931661 
j3 9.4546199.98162s 
,4 9.4S!o4*W'5«7 


9.471605 

9.47»''6li 
9.472537 
9-47*995 
94734S? 
9-473919 
9.474381 
9.474841 
9-47S303 
9-*7!7^< 


10.528395 
10.527932 
.0.527468 
1C.52700S 
10.526543 


10 


0.8.63 
018J0, 
018338 
0.8375 
0184., 


10.54.65^ 3C 

10.54623; '>, 
10,545806 J' 
,05453812; 

10.544956 -f- 


!i9-4Si4699'98'S49 
36 94S!893 9'9«'S'* 
57 9.4j63i69.93i4?4 
;8MS^7399'98i43& 
,gg.4Wi6ig-q8i399 


iC.,526oKi|i0 
10.52561910 
10.52515810 
10.514697I10 
10.(2,23710 


0.B451 

018488 
018526 
018564 
018601 


IO-S44SJ' ^- 
10.544107 !< 
10.54368^ *3 
10.543261 t> 

10,5128382. 


4o9-4S7S''t9-98'3*>' 
4, 9.4;8oo6;9.98i323 
4=9-4;84*79-98w8s 
(J 9.4;83489 981147 
149.4502689-9812^ 


g.476223 
9,476683 
9.477r42 
9.477601 
9.478059 


">-S23777|'° 
10.52331710 
,0.5228581.0 
10.522399-10 
10. 52194.110 


018639 
018677 

018701 


10.54241s 'C 
10.541994 'S* 

10.541152.7 

10.540732 16 


4S g-46968sq.9Sii7i 
46';-46oio3]9.93ii33 
47g46o;i7;9.9Sio9i 
489-1609469.981057 
499.461154:9.991019 


9-478517 
9.478975 
9-4794 3! 
9.479889 
9480345 


.0.521483110 
10.52102510 
.o.52o;63io 
10.520111.10 
io.5i96i;5|io 


0188^91,0.540312'! 

018B67I10.539892 '4 
0.8905 10.539473 '3 
018943 10.539054 '2 
oiS93i!io.(i86i6 " 


509.461731 
;j J.461199 
;2 9.462616 
539.46303 z 
54 9:t?3448 
iig.463864 
569.464:79 
579.464694 
jB 9.46J108 
;9 9.465521 
^09-465915 


9,980980 
9.gSoj4S 
9.980904 
9.980866 
9.930827 


9.480801 
9.481257 
9.48.71^ 
9.482167 
9.482621 


10.519199 
'0.518743 
105,8288 
10.517833 
10; 17179 


10 


oigoio 
..9058 
019OV6 
019.31 
01QI73 


10.5382. »<t 
.0.537801 • 
.0.537384 8 

.0.53696B ; 

io,(36tt2 <- 


9.9807399.493071; 
9.9807519.483529 

g.9807'2 94839<^ 
9.9806739,484435 
9.9806359.48488; 
9.9So^96;9.48^l3g 


10.516925 
.0,516471 
10.516018 
10.515565 


ID 


0.9211 

019249 
019288 
01,327 
0,9365 
01U404 


10,530136 5 
,o.;3S7S. ^ 
10,53530'. ■ 
10.534-9. a 
10.53447! 1 
10,514065 = 




Sine 




T..g., 




Secant c 

• 2 


73 Degrees. | 



(472 ) 



A Table of Artificial 5ines» 



17 Degrees. 



9-t''S93S9' 

9.4&634a 9. 
9.466;6i 9. 
9.4671739. 
9^467^, 9, 



9805369. 

9^05589, 
,9805199 

,980480 9. 



89.. 



19., 



467996,9, 
■I 68407 9 
4688 '- 
46.>J27|9 
. 46963 79- 
4700469. 
■.4:o.tS5,9- 
470863 9' 
471171 9. 
47 'M 



,9^0403 
980364 
9803H 
9t:Oz86 



Tangent 



Secant 



■4<ii33y; 

,4Ss7yi|. 
4St.i4j. 
483693! 



94", 



-48-043 
■4»"S49- 

.48H941 



Jioa y,4 
31699.4 






o.Si37S»i" 
O-jij-.o;,!. 
0^^*8571, 



.01940410.53406} ( 

.OI944IIO.SJJ65JS, 

14481 io.jjii39iij 

1952010,53^61; 57 

i 9SS9 ' 'P-S3^4'5 ?^ 



■!"VS'i' 



.019 



O.SIOlOi,!. 

0.509714^1 

o.i09j67ii 
0.508820!' 
0^508573' 10. 



._ 19909 
■°'9'J4S 



"9S97'>o.Si2°°4 5S 
.1963610531593 H 
11967; 10.531183 (- 
,9714110.530773 J 
'97i:' '°-i3P36 3 S 



0,5*9954 
0.519545 
0.529137 



9.47zo8( 
9.47249: 
9.472398 
9.473304 
9 -4737'o 



1.9799739. 
I.9799349' 
i.ti7989;9. 
1^97985519. 



9798169. 
.979776 " 
•?797j7 
.979697 
■9796i8 



49^96, 
4934" 



1.5079271 
..S074K1.1 






10.527914 



<zoo6( 



i.52710 
3.516696 



94741.5 

9-474S'9 
9. 47 49 2 J 

9.47SJ*7 
9 47573' 



,476133 
,476536 
,47693- 
477340 

■47774' 
4781429. 



■494'99 

■4'J4743 
.495166 
■49563' 
■4g''°73 



O505;oij 
0.505ZJ7 
0.5O4814 
0.504370 
05039 17] 



184 

.C10114 

.020163 

.0303 

1034 



.0,5x5885 
10.515481 

10.515077 , 
105146733 



1.97961^9. 
1.9795789. 
i>979;399' 
■979499 9- 
■9794J9;9. 
^9794199, 

Sine 



496515 



50348: 
o 503043 
0.501601 



Taogent 



.38^ 

1-01046 
1.010501 
.010541 



10.5138673s 
ro.51346434 

10.51J061 33 
1660 3 



3.511259 



Ji 



1.51 



72 Degrees. 



r 


Tangents and Secants. ( 47^ ) 


17 Degrees. 


; 


' Sine 




Tangent 




Secint 




1 


,9478141 


y.9;94'9.9-49S722>'>.50i 178.10 t^'^ojSi 


,u.s2,«s«:c 


1 


9.478542 


9.979380 9.499'f>3;io 500337 IQ 


oiofisd 




5214,^^9 




9.4789+2 


9-979i40i9.499^=3 ro.500397110 




10 


52io5l> 2 = 




9.4^9342 


j.g-930o;9-SO.^°4^ ic.49,,9S8iio 


070700 


10 


520658 27 




,9-4707" 


9.^; 7, '260 
9.979120 


9.500481 (0.499^19 10 


0:0740 


10 


52025^, ^b 




9.^80.40 


9.50092010.499080110 


020780 


10 


5198002; 




J 9-4*3 J 38 


9.979i8o^9.SO'JW"-498''+il<3 


020820 


10 


Sl94^i^^ 


1 


9.4S0937 


3.9791 40 9.soi797;io,493203 10 


oioS6o 


10 


5>yoti=3 


1 


3,481334 


9.9791009 5o"35i'0-4;(7:f'i|'o 


020900 






1 


5 9-431 7,1 


9.^-.9C.5g.9.;g!--.72,ia.49-^5i8!io 


01094 I 


10 


5l3s6g 2J 




9.4S-i^U'9.j7joH)9.SO;io;|io.496avi|io 


020981 


10 


S17»;;20 




9.4(i2;!t9-'-7<<'<7g-9-S='JS+'i 


10-490454I10 






S'747S '5 


I 


i.4Ki.,»iW3'J3?'9S03y8; 


.0.495M8J.O 


021061 


10 






;.t335i&9 97i>'9g,,.S-44i8 


.0.495S82I.0 






516684 '7 


+ 


y-4'^J-i-'997'i^>8 
9.4S4i079.978di7 


9.5o+d5^ 




021142 


IC 


5i6i:S '6 


f 


9.505289 


10.49471111'^ 


C2.1B3 


10 


51,893 '5 




9.-|«-l,-oi|9.()78777J9oOj;z^ 


10.4^41*610 


02121; 


10 


515499 ■■1 


4 


Q+84ag;,9.978736,9-;o6ijc 


10.493841110 


02.26. 




;.,>o. --i 




9-4*; ,-11199.97859619.50^59; 


10.493407,10 


011304 


iO 






9.48568<|9.9786sq 


9 5070*7 


"■'9*973''° 


021^45 


'2 


514111 " 


,- 


9.507460 




10 


021185 


10 




; 


,,.4d046->.^ 978574*9. i0789; 


10.492107 


PO 


021426 


10 






9.4368;>jg.97a,.,9.io''326 


10491674 


10 


021467 


10 


5.3"4' 8 




J-4V2>'|-»97^49J,9-So87iE 


io.49'24i 




021507 




51274^ 1 


,- 


i9'4''7H3V-97'*4-S2|9-S09''V' 
9.4Mojji,.;;78iii 9.5-96,12 


10490809 


i-> 




10 


?i2,c- £ 


,- 




10 




5119^7 S 


? 


^94884=4|9-:)7a370.9Si-^oS-l 


10,439946 


10 


011630 


10 


51157^ 1 




9.483314^, 97t;3ig;9.5i04iii 


10.48951; 


la 


021671 


10 


SM1K6 ■ 


> 


9.489204 


g.g/SsSBIgi'liogiD 


[ 0.489084 


10 


021712 


10 






,9.489593 


9 978147 


9.511346 


10.488654 


10 


02175, 




-> 


39.48998s 


9.078706 


9.511776 


10.4882,4 


10 


02179^ 


.0.5.00,..- 






Sine 




Tangent 


=-hi 




^^ Degrees. ^^^^1 




^ 



( 474 ) A Tabic of Artificial Sines, 




1 8 Degrees. 




s: 

•2 


«» 




Tangent 




Secant 




60 

!& 

jB 

i[ 
Si 

il 

49 
48 

47 
46 

4S 
41 
43 
41 
4.' 
4c 
39 
38 
3- 
3f 
35 
34 
31 
31 
3' 

JO 

s 

1 


9.480981 
9.490371 
5.490759 
9.4911+7 
9.491534 
9.491921 
9.49*308 
949169; 
9.495081 
g.493466 


9.97S206 
9.978165 
9.978' 14 
9.97 80S3 
9.97804J 


9.J11776 
9,512106 
9,511635 
9,513064 
9-5" H9t 


10.488224110 

10.48779410 
10.48736510 
.0.486936,0 
.0.436507I.0 


02.794110.5000.8 
□ I1835. 0.539619 
02.87610.509241 
oii9i7;io.5o8i!5J 

021958 io.^oi!46i 


9.978001 

9-9779S9 
9.977918 
9977878 
9-97783S 


9.5. 39:11 
9-S'1J49 
9-5'4777 
9.515204 
9.515631 


io.4Boo79;io 
10.48565110 
10485223.0 

.048+7961.0 
■ 0.484369.0 


O2i999;io.5o8o;t. 
012041 10.507691 

022=82 io.se7i°5 

02Z122 10.50^91 . 

c22i65iio.(o-'");3^ 


9.49J85I 
9.494236 
9.+9462O 
9.49500s 

(,.49i;j88 


9-97?? 94 
9-9777S' 
9.977711 
9.977669 
9.977628 


9.516057 
9.5164S4 
9.5169.0 
9-S'7335 
9.5.7761 


io.+i(3943'.o 
io.4835.6;io 
.0,48309010 
io.+g256s!io 
.o.+822,g'to 


022206 

C2J2+8 
022289 
02233. 

022372 


10.506149 
10.5OJ7D4 
10.505380 
10.504995 
10. 1:04611 


9.496 1!4 

9,496919 
I9.497301 


9.9775a6'9s<fl'8s 
9-977SHl9'S"86io 
9-977iOiig-S'9034 
9,977461 9.519458 
9.9774«9|9!'98MJ 


.o.+8,8.s 
10.48 139Q 

.0.+80966 
10.4805+2 
io.+8o.,S 


;° 


022414 
022456 

021497 
02:539 
02258. 


10.504128 
10.503S46 
10.503463 
10.50308. 
.0.502699 


9.497682 
9.498063 
9.498444 
9.498814 
9 499204 


5-977J77 
9-977335 
9.977293 
9.97715 1 
9.977209 


9.570305 

9.511151 

9.521571 
9.52199; 


.0 479695 
.0.479272 
10.478849 

[0.478+27 
10478005 


10 


022623 
022665 

022707 

02i749 
012791 


.o.swjiB 
.0.501937 
10.501556 
10 50.. 76 

.0.1500796 


*9 


9-499584 
9.499963 
95.00342 
95.00721 
95.01099 
95.01476 


9.977167 
9.977 '»5 
9.977083 
9.977041 
9.976999 
9-97f>9w 


9.522417 

9.522838 
9.523259 
9'!i3679 
9.52410^ 


10,477581 
.0477161 
.0.47674. 
10.476321 
10.475900 
io-47?48r 


Z 


o«287i 
012917 
032959 
023001 

01304; 


.0.5004.6 

10.500037 
io.4996sf( 
10.49^179 
.0.498901 
10.498424 




Si&c 




Tangent 




Secant 


71 Degrees. I 



Tangents and Secants. ( 475 ) 


18 Degrees. 


1 

i 


Sine 




Tangent 




Secant 




30 
29 

28 

^1 
26 

^4 
H 

'9 
IS 

;* 

'5 
'4 
'3 

9 
8 
7 
6 

1 

i 


9.50.85-4 
9.502131 

9.503607 
9.50Z984 


9.97695: 
9.976914 
9.976872 
9.976830 
9.976787 


9.524520 
9-S^4939 
9i2i}S9 

9.525778 
y.(2(.i97 


;° 


+75480 
475061 
+74641 
+74222 
+73(103 


i^ 


0230+j 
023086 
02312S 
023170 
02^213 


10.498524 
10.4981+6 
10. +97769 

IO.+97393 
10,497010 


9.503560 
9'S037J5 
9.504110 
9.50^85 
9.504860 


9-97^745 
9.976701 
9.976660 
9.976617 
9976574 


9.526615 
9.52703; 
9-S274!' 

9.527868 
9.52818! 


;° 


47J3BS 
+72967 

47ZS49 
+72132 
+7'7"; 


;° 


023255 
023298 

O23J+0 

0*3383 

023420 


10.4966+0 

10.496265 
10.495890 
.0.+955.S 

10.495140 


g.5o;234 
9.505608 
9.50598 1 
g. 506354 
9.506727 


9.970532 
9.976489 
9.976446 
9.976404 
9-976361 


9.5*870* 
9.529119 

9-S'9!3! 
9.529950 
9.530366 


;° 


+7.298 

+ 7088. 
470465 
470050 
+69634 


:^ 


023468 
023511 

o23iS4 

023596 


10.494700 
io.4943gi 
10.494019 
10,4936+6 


9.507099 
g. 507471 
9.507843 
9.508114 
9.5o8;8? 


9.976318 
9.976275 
9.976231 
9.976189 

9.976146 


9.530781 
9.531196 
9.531611 
9.532025 
9.n*439 


10 


+6921910 
4683o+'io 
+ 68389,0 
+67975 10 
46756i'io 


O2J082 
023715 
023768 
023811 
02,854 


10.492901 
10.492529 
10.492157 
10,491786 
10.491+15 


9.508956 
9.509326 
9.509696 
9.510065 
9-510434 


9.976103 
9.976060 
J.976017 
9-975974 
9.975930 


9.532M53 
9-5JJS66 
9-533679 
9.534092 

9-;i4!C4 


!o 


4671+7 
466734 
+66321 
+55908 
+65+96 


;° 


023897 10.49(0+4 
023940 10.49067 + 
O239B3 rO.490304 

02+O2&IO.+8993; 
024070 ro,48g;D6 


,.511172 
9.511540 

9-;i'9°7 
9.S>2i75 
9.51^6+2 


9.975887 
9.975844 
9.975800 
9-9757S7 
9.9757'3 
9.975670 

Sine 


9.i34tii6 
9.535318 
9-!Si739 
9-S36'iO 
9-S36!6< 
9.536971 


>'o 


465084 
464672 
464261 
463850 
465439 
46joai 


■^ 


0141 13 
024156 
024JOO 
0242+3 
024287 
024330 


10.4(19197 
IO. + 8K828 
10.488460 
10.488093 
10.4877^! 
10.+8735S 


^ 




ill 


7. DeJ' 





( 47^ ) A Table of Artificial Sines, 

19 Degrees. 



3 



I 

2 

3 
4 

5 
6 

7 
8 

9 

10 
I 

2 

3 

4 

5 
6 

7 
8 

[9 
20 
21 

22 

23 
«4 

26 

27 
28 

29 



Sine 



2642 
^009 

337S 

374» 

4.07 



4472 

4837 
5202 

J 566 



6294 
6657 

7020 
7382 

7745 



3i07 
8468 
8829 
9190 

9S?« 



9.975670 
9.9756269 

9-9755839 

99755399 
9.975496 



9*97545^ 
9.975408 

9-975365 
9.975321 

9975277 



Tangeot 



v-975*33 
9.975189 

9.975 "45 
9.975101 
9975057 



9911 

0271 

20631 

20990 

21349 



9,975013 
9.974969I9 

9.974925 
9.974880)9 

9.(,748j6 



9-974792 

9-974747 
9.974703 

9.974^59 
9.974614 



2*707 9.974)7<^9 
22066Q.9745259 

224219.9744819 

227819.9744369 

23138 9.974391I9 

2 U95 9*974347 



Secant 



36972 

37382 

37792 
38202 

^8611 



39020 

39429 

39837 
40145 

40653 



41061 

41468 

4*875 
4228J 

42^88 



430y. 

434991 
43905 
443 «<^ 
447 « 5 



45.19 

45524 

4592« 

4633* 

4^735 



47>J8 
47540 
47943 
4^345 
48747 
49*49 



0.463028 
0.462618 
0.462208 
0.4617^8 
0.461389 



0.46098c 
0.460571 
0.460163 

0.459755 
0.459347 



0.458939 
0.458532 

0.458125 

0.457719 
0.457312 



0.4369O& 

0.456501 

0*456095 

0.455690 

0'455"8; 



0.454881 
0.454476 
0.454072 
0.45361)9 
o.4«?3265 



o.452b'62 
0.4^2460 
0.452057 
0.^51655 
0.451253 
0,^^0851 



Tangent 



Secant 



0.024330 
0.024374 
0.024417 
o 024461 

0.024504 



0.024548 
0.024592 
0.024635 
0,024679 
0.024723 



0.024767 
0.024811 
0.024855 
0.024899 

0,024943 



0.024987 
0,02503 1 
0.025075 
0.025120 
0.025164 



0.025208 
0.025253 
0.025297 
0.025341 

0.025386 



0.02543- 
0.025475 
0.0255 19 
0.025^6... 
0.025609 
0.0256^3 



0.487338 
0.486991 
0.486625 
0.486259 
0.485893 



0.485528 
0.485163 
0.484798 
0.484434 
0.484070 



6c 

9 
8 



0.483706 

0.483343 
0.482980 

0.482618 

0.4822^; 



o 481893I 
0.4S1532 
0.481 171 
O9480810 
0.480449 



0.4800^9' 
0.479729! 
0.479369 
o.47qoio 
0.4786^1 



(...47^1293 

0477934 

0-477577 
0.477219 

0.476862 

0476501; 



Secant 



7 
6 

5 
4 

3 

2 

I 

o 

9 

8 



4 

3 

2 

I 

c 
9 

M 

7 
6 

5 
4 

3 

2 

I 



c 
n 



1 



70 Degrees. 



t 



Tangents and Secants. ( 477 ) 


19 Degrees. 


5 
31 

3» 
33 

3S 

3° 
37 

1 
ii 

4S 

4,6 
+7 
4S 

+9 

i° 

5* 
S3 

s* 

sf» 
i7 

S8 
!9 

60 


Sine 




Tangent 




Secant 




30 
29 
ii 
»7 
z6 

l\ 

20 

'9 
18 

'7 
.6 

'! 
'4 
'3 

] 

I 


9S23tVi 
95*385* 

9-5^561 
9.524920 


9-974347 
9.974301 
9-974i57 
9.974212 
9.974167 


9,549149 
9.549550 
9.5+9951 
9.550352 

9.i;!07?s 


io.+5oa5i;io 
10.45045010 

10.45004910 
io+49648',o 
io.44<)74^ir> 


025053 
0256911 
°2S743 
025788 


1047650; 
10.476148 
10.475792 
10.47^436 

10,47508a 


9.515271 

9.525630 
9.515984 
9.5 2&J39 

9.526603 


9.974122 

9.974077 
997403* 

9.973997 
9.973041 


9.551152 
9.551552 
9.55195Z 
9.!5»35' 

9-^5»7!0 


iQ.44«84«.,o 
10.448448 10 
io.448o48;,o 
10.447649 10 
10.447j.-o 10 


025M7B 
025923 

0*5g6B 
026013 
026058 


10.474725 
10.474370 
10,474016 

.0.473661 

10,473107 


9.517C46 
9.527400 
9-S»77!3 
9.SJ810S 
9.528453 


9.973^97 
9.97385* 
9.973807 
9.973761 
9-g737i6 


9 S53»49 

9-;S3!43 
9'S!394^ 
9-SS434+ 
9'SS474' 


10.446851,10 
10.44645210 
io.44''054zo 
10.4456,610 
.o..4(i!6'.o 


OZ6103 

026148 
016193 

026284 


10.472954 
IO.47260T 
10.472:47 

io,47i(>95 
to.471542 


9.;z88.o 
9.529161 
9.529513 

9.;29864 
9.510I..; 


9.973C71 
9.973625 
9.973580 
9-97J53'i 
9-97U»'J 


MS5139 

9-^SS93J 

9.550329 
9,5567*^ 


io.444»6yo 
10.44446410 

10.444067 10 
10.443671 10 
.o.443*7;!.o 


OJO329J10.47M90 
026375110,470839 
026420 10.470487 
0*6465 10.470136 
026(11 10.469785 


9.530565 
9-53f9'i 
9.53126; 
9.531614 

9.531963 


9-973443 
9.973J98 
99733!» 

9.973307 
9.973261 


9.557121 
9-!47S'7 
9.5S79'z 
9.558308 

9.55«702 


10.442879 10 
10442483:10 
(O.4420S8 10 
10. 441692'. 
10.441208, C 


O20s57|io.4(,t,,3j 
016602I10 469085 
026648 10. 46H755 
026693 io.4''-H3'(6 
02673910 4''.8o37 


9.532312 

9-S3*66i 
9.533009 
9-SJ33;7 
9.i;jJ704 
0!34P!i 


9-97}»i! 
9.973169 
9973124 
9-973378 
9.97303* 
9.972986 


9.559097 

5.559491 
9.5598^5 
9,560279 
9.560673 
g. 561066 


10.440903 lO 

10.440506'to 

I0.44Oiij'l0 
10.439720,10 
10.4393271,0 
.o.458934!io 


0167 ((5 
026S31 
026876 
026JJJ 
0*6968 

027'^P4 


10.4(1761)8 
io.46t!39 
,0,46699. 
10.46^643 
10.466291 
10.465^48 


3 
t 




Sine 




Tangent 




Secant 


s 

S 






■« 


». '° 


degrees. 











C 478 ) 



A Table of Artificial Sines, 



20 Degrees. 



Sine 



53+399 9- 

53474Sl9- 

S3309: 

535437 '9- 

i3'5474 
5jf- ^ 



■^371^3 



i3750, 
■5378; 
■J33'94 
538538 



,9719,0 
.971894 
■97*3<" 
97'8c 



539*23 
539565 

5399' 

540249 

54°t9' 



9.97129; 



54093 
54117^ 
54161J 
54'9J3 
542»9j 



5416J 
S4*97 
543J" 
543649 
543987 
5443^5 



■97^755 
■97*709 
,971663 
.972617 
97^57^ 



■97*5*4 
■972477 
.97243 
■97*38; 

■97' ns 



.9719649. 

■97")'7 

■971S70 



.9718^3 
.971776 



Tan gen I 



.5614.59 

.;6ii4.. 
■ 562636 



.563028 
.563419 

.5638,1 
.56420. 
■56459 



.564983 
■5^5373 
.565763 
■566153 

.^66; 



.50693, 
5673*' 
..567705 
9.568098 
9.;6a4B& 



,568873 
, 56926 1 
.569643 
■57003 



'■438149" 
5.437756" 
>'43-'3H" 



0-43697 
3.43658 
3.436181 
3.435798 



1.435017 

3.434627 
^434* 37 

5.433S47 
'-433*5 ' 



'■433°' 

'■43*679 
-.432291 
..43 '90: 

'■43":'4 



1.43" 



■•430739 
>.43035 2 

■■4*9965 
'■4*9578 



9.570809 !■ 

■J7"9! 
■5TI58I 
.57196711, 
■57';S*,'' 

•57*738 !■ 



.027476 



.0275 



.027569 



..429'9i 
.428805 10. 
..4284.9-"- 
,.428033! 
,.427648, 

i,i2726*| 



.027061 
■27106 



7*45 
,01729, 
02733; 
,027383 
0*7430 



.77^ 
.027735 

78. 
.017849 



.01794 



.02822, 

.8271 

,023318 

,028365 

184, 



0.465948 

10.465601 
10.465255 
10.464908 
10-464563 



0.404217 
10.46387 
10.463526 
0.463 1 8 

04618J7 



•■46*493 
0.46; .. 
0.461806 
10.46146: 

0-461 1 2< 



4« 
47 
46 

:o.46o777 4. 
0.46043544 

O.460093I41 

0-45975 'I 

0459410! 



0.450069 
0.458728 
0.458387 
0.458047 

o-4;7707 



10.457308 
:0'4S7C , 
0.456690 
0.456351 
0.456013 
"455675 



ii<^ Degrees. 



Tangents and Secants. 



C 479 ) 



20 Degrees. 



j6,9. 

iiy- 

40 9- 
419- 

4^9 

439' 

■K2; 

4S;9- 
46 



5460 

5+63+7 

546683 



Tan gen I 



5.971 jsa 
9.9;! 540 
9-971493 
9.971446 



9-97 1 3S 

9.971303 
9.971 1;& 
9.971208 
9-97 



■573!°; 
.57389; 
•S7-t'76 



547689 



48693 

i 490*7 



.5746()D 
.575044 
■!7S4'7 
575810 
■;76'93 



549360 
S49693 



.■970'*74, 
9,97o826'9. 

9-970779 9- 



!;i!S6 
55.687 

i^'-i4' 



589 

>9]9. 



i68o 
553010 

5)334 

J 54000 

^';4^»9 



5765, 
576958 
S7734: 
377723 

57«I04 



57B486 
578867 



579619 
58. 



580385 
,58076' 
581149 
581S1S 



.58166c 
,5830,3 
583422 
58380, 
9-970';a!g-584'7 



9.9703949, 
997f^3459- 
9 970297 9. 
9.970249'g. 
9.970200J9 



427261 
426877 
.426493 
426108 
4^^7Z4 



.4253,0 
414956 
4*4373 
,424190 
4'3''°; 



.413424I; 

.423C4; 

425659 



'9991 



419611 
419231 
41S851 
418472 

4»Boi3 






4177141 
4'733S,: 

4162^0 






..02i^t2l 

<.oiiJ46c| 
1.02850; 
..028554 
I 02S602' 



02i!649] 
ozh697 
0287441 
.028792' 



4523 'i 
o., 51976 1, 

0.451642 1 
0.451307 1 
0450973 II 



129269' 

■=93'7l 



,029365; 
29414 
19461, 
19510 

.0!g;;8 

.02t,'6o6 

J9655 

29703 

19751 



4Sjf'75 
0-4S5337 
''■4S4999 
0.454662 
4i4326 



0.4539*9 !i 

0,4.536532 
0.4533172; 
0452; 
0.45264621 



.450640)15 

43030; 
0.449974 '. 
;o 449641 

4<9ioS I 



0.44M970 
0.448644 < 

0.448313 ■' 

0.4,7, 

0.4,-651 



0.44732c 

3.(4*99° 4 

04 if 659 ■ 

0.446330 ■■ 

o. 4 4 60CO ' 
P44;67' 



69 Degrees. 



C 4S0 ) 



A Table of Artilicial SHie), 



143^9 
9S5i3" 



9-SSS97 

9.5561999. 
9.5S6;2fr y. 



5.;s7doC; 
9-S57&32 

9.558253 

9 ;^89oq 



Tangent 



9-S>y*3' 
955955? 



J5608SS 
9.56117819- 
9.561 !Oi 
3.561824 
9 56? 1^6 9. 



5 9.562^68 
.59.5627909. 
79.5631 
«9-S'534Jt|9 
99S6J7SS 
3°9-^t'4C7S 



97'")-9S»+i77 

.973ioj9.;HSSS 
■9;ooS)9-S^493* 
.970006 9.5S53C9 
.969.^;;'q.;850S6 



.9699^9 9. jtt.-'OEj; 

.969K6D9-5B6439 
.969^ii|9 586!ti5 
,969762 g-iSpigo 

il9.5S7506' 



969665'9.5879+i 
9696i6'9.5SS3i5'i 
,969567'9.jS859i J 
,iL,695i8;9. 535066 
g6946i)'9.58944o! 



.96942^9. 5tr9(ji4! 
96937o'9.;90ti8' 
,Q693ji'9.;gos62' 
.^69*719-59093!! 

.96922319.591 }oh; 



,969i739-S9"»«' 
-969'Hl9-S9^«S4' 
.96907519.59242611 
.969025|9.;9»799,- 
.968!1769-^91'70 



.9tK)920B. 59354*1 

.968!t77,9.J939if 
.96S82;;9.59428;|i 
.96877719.5946561 
.9687289-5950171 
9^867a9^59S39 



0.4150CI 
0.414691 



0.41393 
0.41356 
□ 4ijiif5 
0.411811 
0.412*3 



0.412059 
0.411684 

0.4 r 1 309 
0.410934 



Secant 



19348 
.029897 

■9945 
.029994 
■"3Qo*t 



.030335 
-130384 
30+33 

130482 



041018^1 

0.4-:9Sl2l 

0.4094381 

0.409365 1 
0-408692! I 



0.4079461 

0-407 S74|i 
o.40?2O2!i 

o.4o68^a|i 



o.4o64^8;i< 
o 40608 6' 10. 
0.405715 

•40S344'0' 

404973I10, 

io<c4f.oi |io. 



.J0091 
.301+0 
30.89 

.30238 



,0305 Ko 

.03 00 JO 

,030679 
.030728 

0]°7 



>jo8i; 
.030876 
.0309: 
.OJ0971 
03'Oi 



0JJ07. 
.031 



10.4456; 
10.445 j4 

10,445013 
io.t+i63j 
•-444-1'7 



.. -4=2/5 5 
10.4437= - 
'0-443374 S3 
■o-*4.30t;5^ 
0.44*720 S' 



■44^394 5' 

:o.442068 4, 

10.44174148 

.44.4174 

H">9' 



.4407C.64 
10.44044144 
LO.44011743 

10.439:93*^ 

40 



'0-+3v"4i 
10.438822 
10.438(59 
;o. 43817: 
■•4^7B;* 



10.4375323 
i.437"q3. 
j.4j6i8S3; 
io436!663" 
104362455 
i->.41502;3' 



Tangent 



Tangents and Secants. 



( 481 ) 



21 Degrees. 



Sine 



, 9.56407s 
9.56+39^ 

.9.564716 
9.565036 
9.56?3i;6 



j6,9-s6s995 
3^9.566314 
38;9. 56663- 
,q 9.5669; 



_ ,96867819.595397 
9,9686289. 595768 
9.963578)9. 596138 
9-96852819.596508 
g,i)684.7g|q.59687r 



4o9-s67269 
4il9- 567587 
4i'9-s67'JC4 

^^9. 5681:39 
4-'9.568a5; 

,;^ 9.569,88 
^Bj9.56g8ni 
tq' 9-S7° - 



9.9684299.597147 
9.9683799.597616 
9.968328^9.597985 
9.9682789 598354 
9-968^2819.5987: 



g.gftSijaig. 59909 
9.9681289.599459 
9.96S07 8 9.599827 
9 9680279.600194 
9.9679779.60056; 



Q,9-57<'43S 
51957075' 
5i9-S7'o36 
39.571381:, 
■ 49. 571695 



9.57*009 
9.571313 
g.572636 
9'57i9^9 
9'S73^&3 
■957J575 



Tangent 



0.402753 
0.402384 
.0.40:015 
10.401646 
=1278 



9.9679179.600925 
9.9678769.601296 



9,967826 
9-9^777! 
9^ft77£5 



9.60166: 
9.602021 
9 6°^195 



9,967674 
9.967623 
9.967573 
g.96752 
■96747 



9.60276. 
?,6o3i27 
9.603+93 
9,603858 



9.9O74209. 

9,967370 

9.967)19 

9.967268 

9,967 

9,967166 



1.604588 
9.60495} 
9.60SJ17 
p. 605682 
9.606046 



0.404603 
0.40423; 
0.403 86: 
O 40349: 
o-4"3'^. 



0.400909 
0.400541 
0.400173 
0.399806 



o 39907 
0.398704 
0.39B338 
0.39797' 



D.397239 
3,396873 
3.396507 
3.39614; 
o-39;777 



39541 
395°47 

10.39468; 

10.39431! 

ID 393954 

io.393W° 

Tangent 






.03132210,435925 3 
13137210.4356042 
.031422.10.435234 
.03147210.434564 



.03152 



1.031571 
.031621 
.03167: 

33172; 
^3'77= 



1.03182 
^03187 
p.03.92 
1.031973 
°°3zo^3 



10 434644 



.031073 
.032124 



'^^^75 



10.434324 
10.4340D5 
10.4336B6 
10433368 
10.43304Q 



10.43273 
;o.4324i3 
10.432096 
10.43177E 
-43 '46 



"=■43 ., 
10.430828 
10.430512 
10.430196 



,0323^6 10.4295c 
.032377 10.429249 
,03242710,42893^ 
■-'32478 10.428610 7 
;2;29 10.43830. 



.03258010.42799 
03163010.437677 



.03273* 
..03278, 



[7364 

,4*7051 

.416737 

l°'4'^4' 



I Degrees. 

n 



C 482 ) 



A Table of Artificial Sinei 



a 2 Degrees. 



9-S7357i 

9-S7388H 

9.57421 

9-!745 

9-S748'4 



9-57S'3'> 
9-I7S44 
9'!7S7i8 
9 576068 
9-;76;79 



9.576689 
9.576999 

9-S77I°9 
9.577618 
9 ;770»7 



9.967166 
9.967115 
9.967064 
g.967013 
9,96696 



9-S7i . 
9-S7S?4S 
9578854 
9.579162 
9-; 79469 



9 57977; 
9.5S0081 
9,58039! 
9.580699 

Q.tSl. 



9.58131 

,^9.581611 
9.581914 
9.582219 
9.582535 



9.966910 



9.606773 
9.607137 
9.60751 
9 607S63 



9.966705 



9.966653 

g,g6fJ6o; 
9.966550 
9.966499 
9.966447 



9.96659^ 
9-966544 
9.966292 
9.966240 
9.966: "" 



Tangent 



;225 
9.6o8;8lJ 
9.608951 
9.60931 
5:609674 



9,610036 

9.610397 

9.610759 

9.61 

g. 611480 



84: 
9.6,2201 
9.612561 
9-61292 
g 61328 



9.9661379.61364 
9.966085 9.6 1 40C0 
-3.9660339614559 
9. 96598119. 6147J8 
^.961:923,9.615077 



g.965876'9,615435 
9.9658249615793 
9.96!772[9-6i6isi 
9.965720,9.616509 
9.965668:9.616867 
9.9656i;9.6t7z24 



392B63 
39^!' 



.3B9964 
389603 
3892+ 



jBSlsg 
387799 
.387439 
387079 
386719 



,386359 
38600: 
385641 

.385^8: 
3849^3 



,384505] 
384207 
"3849 



. 'ii34 
■OjzBii; 
.032936 
.032987 

33Q39 



033090 
,033141 
■03 3 '93 
.033244 
31291 



■33347 
.033398 
.033450 
■03350: 

'33>S3 



033605! 
,0336561 
.0337081 
033760 
'3381 2I 



.033863 
03391; 
033967 
034019 
03407- 



.0341 
034176 
,034228 
•034280, 
'3433^1 
■143851 



.425488 
4»5'76 



424864 
4245 S3 
42424' 
42393 
42362 



,422381 



764 
■4214S5 
4ZI146 
420838 



.4-Z01Z3 



41930 



418688 
41838: 
.418071 
■41777: 
♦'7465 
4'7ito 



67 Degrees. 



) 



Tangents and Secants. ( 483 ) 


22 Degrees. 


S 

5 
60 


Sine 




Tangent 


Secant 


1 


9.4818+0 
9.S8JMS 
9-583+49 

9.5840J8 


^.96501519.617224 
9.9655639.617582 
9.9655119.617939 
9.9654589.6.8295 
9.9654o5|g.6i86i;i 


10.38277010 
.0,38241810 
io.j82c6[tiD 

■ 038.705.0 
io.38ihS!io 


03438s]io.4.7iQo3o 
°34437'°-4'6S55 29 
03448910,41655.28 
034542 'o-4"624o 27 
014194 ■0'4' 594^-6 


9.SS4g6S 
9.585272 
9-s8!!74 


9-9'^5Si3 
9.96J301 
5,955248 
9.965 i9i 
9.96514) 


9.6i90Lia 
9.619365 
g.619721 
9.620076 
9.620432 


10.380992:10 
.0.38063510 
10.3802791.0 
'o-3799M-;to 
10.379^681.0 


o346+7jio,+is639 25 
034699.0,41533524 
0347521.0,41503223 
034705 10.41471822 
034857|"o-4>4426 2' 


g.536180 
9,586+82 
9 586784 
9.587035 


9.905090 
9.965037 
9.964984 
9.964931 
9-96+870 


9.620787 
9.621142 

9.6J1497 
9.621852 
9.622207 


0.3791.3:10 
0.37335^1,0 
0.378503 10 
0.378.48:10 
0-377793 "O 


034910110.4.4123^0 
034963110,4.38^019 
03501610.4IJ518 IS 
035069110,41311617 
035IZ1 ic+ligli; 16 


9-s87}at. 

9.587684 
9.58798- 
9.588289 
9.5S8590 


9.904^1619.621561 
9.9&4773 9-6"9iS 
9,9647199.623269 
9.9046669.623623 
9.96+61119.623976 


•o.377439:'a 
ib.377o,f5 10 
0.3767JI .0 
0.376377^10 
0.376024 10 


035174110.412614'S 
035227(10.4123,2 14 
=JS-3i.o.4.2o.2'3 
'>3S3j4'04ii7U '2 
otiia?!. 0.4. 141011 


9,588X90 
9.589190 
9.589489 
9.589789 
9.51)0088 


9.9^5600.62+333 
9.9645079.624683 
9-9^4+S4'9-6^)Oj6 
9.964)00:9.625388 
9-964347,9-'i"4' 


o-37S''7°io 
o-375}'7,io 

10.374964^10 
0.374612,10 

io.3742^9'io 


035440 
Oj;6oo 


lo.+ri.io'ol 

.0.4008.0 9 

10.40051, 8 

,0.4002,. 7 

10 +0991 2 _t; 


9.5903B7J9.s54 29+15.02609} 
9.59068619.964140^9.6264+5 
9.59:984,9 964[a7|9.6z6797 
g.59iiS2;9.964i.ij;9.6i7i49 
9.591 580 9.96+o8o;9.6z75oi 
9,5giS;;8,9,964C2 5 9.627H;2 


'^^ 3 73907 
o-373SSi 
0.373233 
0.372S5I 
0.372499 
o,37"4^ 


lo 


035706 
035760 
035513 
035357 
0559=0 
03;9'4 


10.409013 5 
10.4093.4 4 
io.+o;o.6 3 
10.40I713 * 
10.408420 ' 
10-408.22^ 




Sine 




Tangent 




Secant g 




67 Degrees. | 








I J 


2 









( 4S4 ) A Table of Artificial Sines, 


60 

11 

57 

L^ 

S! 

54 
S3 
52 

ii 
S° 

:i 

1 
• 




23 Degrees. 




e Sine 




Tangent 




Secant 






09.591*17'* 
19.592175 

39.591770 
1 9.591067 


9.964010 
9.963971 
9.963919 
9.963865 
9.963811 


.627852 
.628103 
,6:8554 
J .62 8905 
3.629255 


0.372148 
0,371797 
0.371446 
0.37 '095 
0.370745 


10.035974 
10.036028 
10.036081 
10036135 
10.036189 


10.408122 

10,407825 
10.407527 
.0,407230 
10.406933 




69.593659 

7 9-S939S5 

8 9.5942;! 

99.>94S47 


9-9''3757 
9.963704 
9.963650 
9.963596 
9.963542 


9.629O06 
9.629956 
9.630306 
9.630656 
CJ.631005 


0.370394 
0,370044 
0.369694 
0.369344 
0-168995 


10.036243 

10.036296 
10.036350 
10,036404 
10.036458 


10.406637 
10406341 

10,406045 
10.405749 
10.405453 




109.594842 
"9S9S'J7 

125.595432 
'3 9-!9>727 
149.596021 


9.963488 
9-963434 
9'963379 
9-96332! 
9,965271 


9.631354 
9,631704 
9.632053 
9.631401 
9,6327(0 


0.308040 
0.368296 
10.367947 
10.367599 
ro.367250 


10.036512 
10.036566 
10.036621 
.0.036675 
10,036729 


■ 0.405158 
.0.404S63 
10.404568 
10.404273 
10.403979 




rS9-;963'5 
109,596609 
179.59690} 
189,597,96 
199.597490 


9.963217 
9.963162 
9.g6}io3 
9.963054 
^.962999 


9,63309s 
9.633447 
963379; 
9.634143 
9-634490 


10.366902 
10,366553 
10.366205 
10.365857 
10.36551c 


.0.036783 
10,036831 
10.036892 
.0.036946 
10.037001 


10403685 
.0.403391 
10.403097 
10,402804 
10.402510 




209.597783 
21 9.598075 
229.598368 
^3 9-598660 
249.(98951 


9,96.94, 
9.9628^0 
9.96.836 
9.962781 
9.962727 


9.634838 
9.635185 
?-63i532 
9,635879 
9.636226 


10,365 r 62 

10.36481 
10,364468 
10.36412 
10.363774 


10.037055 
10.037110 
10.037164 
10.037219 
10.037273 


10.402217 
10-401925 
10.401632 
10.401340 
10.401048 


4« 
39 
38 
37 
3» 

-fs 

34 
33 
32 
3 
}1 
1 

1 




259.59924 
269.599536 
J7 9.599817 
189.600118 
19 9.600405 
JO 9.50070c 


9.9^2672 
9.9''26i7 
9.962562 
9-962;c8 
9.962453 
9.962393 


9.636572 
9,636918 
9-637265 
9.637611 
9.637956 
9-638302 


10.36342 
.0.36308 
10.36273 
10.36238^ 
10.36204 
10.36169 


10.037328 
10.037383 
10.037438 
10.03749= 
10.037547 
10.017602 


10.400756 
.0 400464 
.0.400173 
10.399S82 
10.39959, 
10.399300 






Zezam 




Tangent 




Secant 




J 66 Degrees. 





Tangents and Secants. 



( 485 ) 



23 Degrees. 



9 6oo59( 
9.6oizSo 

9.601861 



9.601 
9.632439 



33 



9.60)017 
9.603301 



9.603 ;94 
9.60388; 
9.604170 
9.604457 



Sine 



9.96239819. 
9.96234319. 
9.96228819. 
9.9622339, 
7^562178,9. 



9,962067 
5.9620 
9.961957 
9.Q6igo2 



9.60503 
9.6053 19 

9.605606 
9.605891 
9.6061 79 



9.606465 
9.6067; 
9.607036 
9.6073:1 
g. 607607 



9.60789. 
9.608 1 7& 
g 608461 
9.60S745 
9.609029 



Tangent 



,638647 
.63899; 
.639337 
.63968 



9.9C11846 
9.961791 

9.961680 
9.961624 



9.961569 
9.961513 
9.961+58, 
9.961402 ' 
9.961346 



.64037 

,641060 
,641404 



■,641747 

.642434 

.642777 
■°4?! 



,643463 

.643r 

6441 

644490 

,6^483: 



9.961290^9, 
9.9612359, 
9.9611799, 
9.9611239. 
9.961067 g. 



64i"74 
,645516 
,645857 : 
,646199 
.646541 



9-96" ,. 
9.96095)19. 
9,960899 9. 
9,96084^15, 
9.9607869. 
9.9607309, 



Sine 



.646tl8 1 
,64711: 
.64756: 
647903 
648243 
684583 



361698 
0361353 

0.361008 

o 360663 

;6o3.B 



358940 



3.037767 
3.01782: 



10.3993033' 
io,399ou 

10,3987^ 
[0,399430 
i°.39Si4'^ 



03787; 
D.OJ7933 
3,037988 
038043 
03S098 I 



D.3-J78S.2 

D.39756I ! 
0.397272^ 
0,396983 2 

°'39'5^9 i I 



).o39i54'i< 
j.ojSzog H 
.03S265K 
).03832oIm 
'•038376:" 



,396406 ' 
,396.1- 
.395830 
.39S!43 ' 



■3i5i'o, 
3tS'6a 



0,038431 
0.038487 
0.038542 
0.038^93 
ME654 



.3548161, 
3544841. 
3S4"43 " 
353801 1. 
353460;], 



.03S877 I 



3.3949DS 
:>, 394681 
5-394394 ' 
'-394108' 
'■3918" ■ 



'393;3S" 
1.393249 ' 
.,392964 ■ 

1.392678 : 

'-39^39;J 



353119 

3;=77M 
3SM38 
352097 
3!"7S7 
3^'4'7 



Tangent 



66 Degrees. 



03898911 
3.039045 11 
3.039101 11 
3.039157 I- 
3.03921411 

3.039270 V 



3.392108 
3.391824 

3.391539 



lis 



( 4^6 ) 



A Table of Artificial Sir 



24 Degrees. 



Tangent 



9.6093139, 

9,6098809. 
g.6101639. 
9.610446 9. 
9.6107299, 
-.61J0129, 



.1^(10731 
,960674 
,|,6o6i - 
.96oj( 
.9601:05 



g.648s3j 
9.64.8923 
9.649:6; 
9,6^960; 
0^64994; 



9.6112949, 

9.61 1576 

9.6 " " 



9.612140 
9-612421 

9.6127^2 

96129B3 

49.613264 



59-61354; 
169.61382; 
■79.61413J 

89.6:4385 
y 9^x466 1 



9,614944 
9.61522; 
9.5is;o: 
9.615781 
9.616060 



g.erOijR 9.959311 
3.^16616 
9:616894 
9.617 17 



,96044s 
,960392 
,960335 
,960179 



9,650181 
9.6;o6j( 
9.650959 
9.651297 
i.651636 



1.960166 
1.960109 
l.g5co52 
'■9S999S 



9.651974 
9.6;i3i 

9.652051 
9.651988 
9-6533Z6 



.95988: 
.959825 
.95976B 
■,959711 
;g^9 ^Sj 



9,654000 
9>6S4337 
9,6; 4674 



1.95959! 
'■9!9;.19 
■.95948: 
.959421 
':9^9j68 



9.6553481 
9.655684 I 

9.6^6356 
g.6^66<)2 



■959^53 
.959195 
,959138 
.9590S 



9,657028' 
9'6i73'-4l 
9.6;7699' 
9.658034- 
3.65B369' 
9.6;S7C4' 



0.351417 
0.351077 
0.350737 
O.35039S 



0,349719 
0.349380 
0.349041 
□.348703 
0.348364 



0.3476SS 
°'3473SO 
0,347012 
P3t6''74 



1.346337 
.,346000 
1.345663 
1.345326 
I-3449S9 



0.34465: 
0.344316 
0.343980 
0.343644 
o-;433°8 



0,3429; 

0.342636 

0.342301 

0.341966 

0,341631 

0^341296: 



39270 
393*t 
■i938: 
039439 
i949S 



.03955. 
.039608 
.03966} 
.3972 



'39«34 
,03989. 
,039948 
,04000; 



,04017s 
,04023 
,040289 

ton; 



.040404 

0405 1 1 
040575 



040690 
,040747 

040B6: 
040919 



J90i2t 
389837 
38q5U 



31(9271 _ 
388988 5. 
38870653 
38842452 
38Si4i;5, 



387860J50 
38757949 
38729848 
3870'7|47 
386736146: 



3^645 s!4S 
386175J44 

38589543 
.3856,54, 

3B;33W 



384777,39 
3844 98,3^ 
3B421937 
38^940 36 

35 



383384 
3S3106 
381818 
382550 
38227, 



Tangent 
Dcgrce-s. 



34 





Tangents and Secants. ( 487 ) 




24 Degrees. 








Tangcnl 




Secant 




3 
3 
3 
3 


09617727 
1 9.61B0Q4 
29.61828 
39.618558 
49.6188;, 


9.959023 
9.95896; 
9.958908 

^;.9SS85o 
9.958792 


9.658704 

9.659039 
9.659373 
9.659708 
9.660042 


.0.341296 
10.340961 
.0.340627 
IC.34C292 


!o 


04,97; 
04103s 
041091 
041.50 
041208 


10.38127330 
10,38, 99t J9 

10.38.7.923 
10.38144*27 
10.38.16626 


J 
3 
} 
3 
1 


59.619110 
69.619386 

7 9.619662 
89.619938 
99.6202.3 


?-9j873+ 
9.958677 
9.9586.9 
9.958,-6, 
9-9? 8 50 3 


9.660376 
S. 6607.0 
9.66.043 
9.661377 
9.661710 


.0,339624 
10.339290 
10.338957 
10.338623 
10.338290 


lo 


041200 
041323 
04.3B1 
04,439 
04,497 


.0.38089c 25 
10.3B0614 24 
io.380338 23 
10.3800622: 

'0.37978: 21 




3 9.61048S 
9.610763 
9.62.038 
9.62.3,3 
9.62.587 


9.5^+45 
9.QIS387 
9.958325 
995827. 
9-9!32i2 


9.662043 
9.662376 
9.662709 
J.663042 
9-6'5337S 


10.337957 
10.337624 
.0.337291 
.0.336958 

ro.3j622( 


i: 


04'SS5 
041613 

04167, 
0+1729 
04.7S8 


10.3795.220 
10.379237 19 
10,37896118 
IO.3786B7 ,7 

10.378^1= .6 


.1- 

t 


9.62 I 861 

9.6;2i3s 

9.6:2409 
9.622682 
9.621956 


9-9 S 8. 54 
9.958096 
9.9,-8038 
9.9)7979 
9.95792' 


9.663707 
9.664039 
9.66437. 
9.664703 
966503; 


10.336293 
10.335961 
10.335629 
10.335297 
10.334965 


lo 

,0 


041846 
04,904 
041962 
042021 
042079 


.0.378.3^15 
10.377865 14 
'°-377S9' '3 
10.3773. Si: 
10.377044 11 


S 

J 

s 

5 


9.623329 
9.623502 

9.6'3774 
9.624047 
g.624319 


9,9578639.665366 
9-9J7804!9-66s697 
9.957746:9.666029 
9.9;7687[9.fi6636o 
9.9576:8,9.666691 


.0.334634 
10.334303 
.Q.33397. 
10.333640 
.0.333309 


!o 


04»'37 
0,2.96 
042154 
0423,3 
042372 


10.37677. 10 
10.37649R q 
,0.3762:^ 8 
"'-37!9S3 7 
io.,7f68i ( 


1 


9.6z4!9i 
9 624863 

9.625406 
9.625677 
9.625948 


g-S;7>70|9-'"^7O2i 
9,957;.. 9.667352 
9 9S74S»,9-6(57682 
9-9S7393|9.66Soi3 
9-9S733S|9-668343 
9.9172769.668672 


.0.332979 
10.33^648 
.0.3323,8 
10.331987 
10.331657 
10.33. 3iS 


,0 


042430 
0424B9 
042548 
042607 
042665 
04:724 


10,375409 5 
'0-37S'37 4 
,0.374865 3 
10.374594 2 
'°.3743»3 ' 
10.37405? ^ 






Sine 




Tangc. 




Secant | 




65 Degrees. j 



A Table of Artificial Sines, 



25 Degrees. 



■39.6259481 
il9,6s649[ 

S|9.62730' 
696;7S-' 
^9.617840 
89.618109 
(jjg^6i8378 



Tangent 



9.62^647 
9.628916 
9.619184 
3.629453 



'7 



^ 9.629989 
69.6J. ,. 
S.6jo;24 
9.63079: 



9.631316 
9.631593 
9.631859 
9.632126 



159.632658 
i6 9.631923 
79.633189 
i89-6334!4 
299-633719 
30^.633984 



9.957276 

9-9S; 

9.957158 

9.957099 

9'gS7°4o 

9.95698 

9956922 

9.-3s6a6; 

9956803 

q-9i6;44 



9.956684 
9.956615 
9.956566 
9.956506 
i;-SS6447 



9,071963 
9-67 . 
9.67^619 
9.672947 
9'^73g74- 



9.55638: 
9.956327 
9.956268 
9.956208 



9.9560S9 
9.956029 
9.95,969 

9.955909 
9-9SSB4g 



9.9557S9 
9.9557^9 
9,955665 
9.955609 
9.955548 



9.06867 
9,669002 
9.66933; 
9.66966, 
9.669991 



9.0703: 

9.670649 

9.670977 

9.671306 

9-67'63- 



96736- 

9.673929 

9.674257 

9.674584 
9'6749' 



9.675564 
9.67589c 
9.676216 
9-676;43 



9.67686.; 
9.677194 
9.677520 
9.677846 
9.678171 
9.6784961 



0.339351 

0319013 
o 328694 
0.328366 



328037 

3' 7709 

'0.3V33 

0.327053 

°- 3*67 16 



1004284; 
10.04290 

10.042q6( 



10.043071 
10.04313!! 
10.043197 

'0-P4 ' 



.0.043J16 
! 0.043375 
;o.C4j434 
;o.043494 



o.32b3ggjio.0436i3 
D.326o7i"-"i'ifi-'- 



3ZS743i' 
0.3154161 
0.32^090 1 



4367 
■04373; 
■04379: 



0.324763 

0.314436 

0.37411 

0-3*3784 

°-3'34;7 



.32313 
0.322806 
0.322480 
0.322154 
0.321829 



Tangeni 



64 Degrees. 



=.04391 
J.04397; 
1.044031 
1.044091 



10.37^05, 
10.37378 
10.37351. 
10,37324; 

10.37297c 



0.371701 
0.37243; 
10.372161 
10.37189 
"■37162; 



f-37'353 
10.371084 
.0.370B16 
10.37054 
DJ70279 



0.3700. 
0.369743 
0.369476 
0.369208 
36894 



0.368674 
0.368407 
0.3681+1 
0367874 
0.367608 



3.04421 
5.04427 
3.04433 
1.044351 
1.04445. 



10.3C734 
10.367077 
10.366811 
10.366546 
10.366281 
10.366016 



Tangents and Secants. ( 489 ) 


25 Degrees. 


i 
31 

3' 
33 

3S 

jb 
37 
}8 
3? 

♦ ' 

ii 

*9 
50 

!^ 
53 
i4 

{; 

IS 
'4 


Sine 




Tangen 




Secant 




9.6J4M9 

9.63+51+ 
9.634778 

9.6;!04J 


5.955488 
5.9554*8 
5.955368 
bi-9SS307 
9-9!S*+7 


g. 678496 
9.678821 
9.679146 
9.679+71 
9-f'7979S 


IC 


37:504 
321.79 
320854 
320529 
310205 


10.0445.2 

10.014572 
10.044632 
10.044693 
10.044753 


10.36001630 
'o.36;7si 20 

10,36,-486,? 

.0.365222 »; 
.0.36495626 


g,63S3o6 
g.63ii7o 
9-^35833 
9.63 f'og; 
9.636,60 


9,955180 
9.95 5 116 
9.955065 
9,9i;oos 
9-QS*944 


9.(j8oi:o 
9.680444 
9.6S0768 
9.68(092 
9.681416 


'i 


3.9880 

3"9S5i^ 
319232 
318908 
318584 


10.0+48.4 

10.04+87+ 
10.044935 
10.0+4995 
■ 0-045056 


10.304694,5 
.0.364+30 1^ 

10.36+16713 
10.363903 „ 
10.363640 I, 


9.636&I3 
9.636886 
9.537148 
g.637411 
9.6*767; 


7.954883 
9.954823 
9.954762 
9.954701 
9.954640 


9.6817+0 
9.682063 
9 68 13 86 
7.682710 
9.683033 


1° 


318260 
3'7937 
31761+ 
317290 
116967 


10.0+5. 17 

10,045177 
10.045*38 
10.0+5299 
10.0+5360 


'°'363377 10 
10.363114 ,9 
10,362852 IB 
.0.362589,- 
.0.362327 It 


9-&37935 

9.638197 
9688458 
9.638710 
9.638q8[ 


9-9StS79 
9.95451B 
9-9>4-(S7 
9.954396 
9-954335 


9.683356 
9.683678 
9.684001 
9.68+324 
968^646 


lo 


316644 
316322 
3.5999 

315676 
3'!35t 


10.045421 
10.0+5482 
.0.045543 
.0.045604 
10.0+5665 


10.362065 15 
.0.361803 1^ 
10.36.5+2,3 
10.36. 2B0 12 
.0.3610.9,, 


9.639:43 
9.639503 
9.639761 
9.640024 
9-640284 


'3.954»74 
9954213 
g.954157 
y.95+090 
9.954029 


9.68+968 
9.635190 
9.685612 
9.f)85934 
9.686255 


10.315032 
10.314710 
10.314388 
10.314066 

I°'3I374! 


10.045726 
10.04578; 
.0.045848 
10.04591c 
10.04597, 


.0.360758 ,0 
10.36J49: ^ 
ie.36c-2j6 8 
(0.355976 7 
10.359716 t 


9.640544 
9 640804 
9.641064 
9.641313 
9.641583 
9.64184J 


9.95396a 
9.953906 
995384; 
9-95)783 
9 9537" 
9.9;366o 


9.686577 
9.686898 
9.687219 
9,687540 
g. 687861 
9.68S182 


10.313+23 
10.313J01 

10.3. 2781 
10.312460 

10.512139 
.0.31.818 


.0.046032 
1 0.0+609+ 
.0.046,55 
10.0+6217 
.0.046278 
.0.0+63+0 


.0,359+56 5 
io-3S9'96 4 
.0.358936 3 
10.358677 2 
10.358+17 I 
■ 0.35815? 




Sine 




Tangen 




Minutes 


64. Degrees. j 



( 49° ) 



A Table of Artificial Sines, 



s6 Degrees. 



0^64184. 
,9.6+210119. 
29.6473609. 
,9.6436 1 S|9. 
f 9.642876 9- 



.9; 3660 
953593 
■9i3i37 
■9S3t75 

■9i34n 



9,688502 
9.638S23 
9.68914J 
9_^639463 



]9-643'3 
69.6433939 
79 6436s' 
59.643908.9 
Q 9.64416; 9: 



953166 
9S3'^^ 



9.6!i978j 
9.690103 
9.690423 
9.69074; 
9,69106; 




9.69138, 
9.69 1 70D 
9,69; 
9.692338 



9692975 
-- , ,3-693*93 
.9526069.6936)5 
""'■■■ 9-69393' 



9.694566 

9.694883 

9.69511 

9,6955 

9-69S836 



9.696153 
g.696470 
9,696?87 
9.697103 
9,697410 
9-697736 






,310857 
3'o>37 



309897 
309577 
.309258 
308938 



046540110.35815 

.04640110.357899 

.04646110.35764. 

.046525 10,55738 
■046587|io.357'» 



,04 '>64ajio. 356865 
10.356607 
10,356350 
10.3 56092 
'°-3;sS3; 



4683+ 

,046^96 



307981 

3°766* 
3£7U^f 



.0469; 
04702 
.0+7083 
.0+7145 
.047207 



,307025 
306707 

.30638810. 

3o5o7oii 

30£75zj|. 



305434 
3051; 

304799 
.304432 
304164^1 



303<'47 
3O3S30 



0.3SSS77 
,o.3SSJ*o 
0.355063 
J 0.35 480 7 
0-35455° 



.047^69 
04733 
.0+7394 
047456 
.047; 



10.35429+ 
10.354038 
10.35378: 
io.3S35i( 



.04758 
.047644 
,047706 



, 04^:0 Zi^ 
.04?otf 



0.353016 
O.J52761 
io.352;oi 



0.350726 
"■3;0473 



63 Degrees. 







Tange 


Dts and Secants. 






( 


m ) 1 


26 Degrees. | 


s 
30 

33 

li 

37 
38 
i? 
to 
♦ ' 
t^ 
t3 
♦4 


Sine 




Tangent 




Secant 




9.649527 
9.649781 
9.650034 
9.6joi87 
9.650559 


9,95179. 
9.951728 
9.951665 
9.951602 
9.9=1559 


9.697736 
9.69S053 
9.6983b9 
9 698685 
9.69900 ' 


10.302264 
10.301947 
10,301631 
10301J15 
10,100999 


10 


048209 

048272 
04833s 
048398 
048461 


;° 


35047330 
35021929 

34996t;i8 
349713^7 
349461 26 


9.650791 
9,651044 
9.651297 
9.6s»549 

9.651800 


3-9iH7t> 
9-9;'4i2 
9.95 IJ49 
bi.9SiiB6 
9.9S'22i 


9.699316 
9.699632 
9.699947 
9.700263 
9.70057B 


10.300684110 
ID.30036S10 
10. 300053 10 
10.299737 10 
10.299422 10 


048524 

048 5 SS 
048651 
0487,4 
048778 


;° 


349208 25 
34895624 
348703^3 
34845' " 
3 48 wo 2, 


9-651051 

9,654304 
9.65255; 
9.652806 
9.6530!? 


9-9S"J9 

9.951096 
9.951032 
9.9S''9i^8 
9.950905 


9.70089J 
9.701208 
9.701523 
9.701837 
9.701152 


1D.299107 
.0.298792 
10.29S477 
10.298163 
.o.29784« 


K 


04884. 

048904, 
048968 
049032 
049095 


1! 
,0 


347948 20 
34769619 
34744S '8 
347194 '7 
346943 16 


♦5 
46 

♦7 
!8 

so 
S' 

S3 

!J 

S7 


9.65330; 
9.653558 
9.6ij8o8 
9.654059 
g.6;43og 


9.950B4. 
9.950778 
9.950714 
9.950650 
9.950^86 


9.702466 
9.7027S0 
9.703095 
9.703409 
9-703723 


10,297534 
io.zg722& 
10.296905 
10.196591 
10,296277 


;° 


049 159] 10 

O49221|'0 

04928610 

0493 5dio 
04941 4] 10 


34^93 .; 
3464+^ 14 
346.92 ,3 
34594' 12 
34^691 ,, 


9.654s 5 B 
9.654808 
9.655057 
9-'55S307 
9.655556 


9.950522 
9.950458 
9.9J0394 
9.950330 
3.950266 


9.704036 
9.704350 
9.704663 
9.704977 
9.705290 


10.295964 
10.295656 
'°-^9!337 
10.295023 
10-2917.0 


lo 


049478 
049542 
049606 
049670 
049734 


,0 


34544^ .0 
345 '92 9 
344943 8 
344693 7 
344444 6 


9.655805 
9.656054 
9.656302 
9.656551 

9.656799 
9.657047 


9.950202 
9,950138 
9.950074 
9.950009 
9,94994; 
9.949881 


9.705603 
9.705916 

9,70622s 
9.706541 
9.706854 
9,707166 


10.294397 
10,294084 
10.293772 
10.293459 
.□.293146 
10.292814 


lo 


049798 
049862 
049926 
049991 
050055 

0501 IQ 




344 '9! s 
343946 4 
343698 3 
343449 2 
34320) , 
^4*953 




Sine 




Tangent 




1 

Secant = 


63 rJegrees. 



( 49' ] A Table of Artificial SiDcs, 

27 Degrees. 



Tao^ent 



'9.657047^. 

,J9.557J95'9 

■9.657790 



y 9.658778 



■949»*' :9- 
9498169- 

.9496SB;9- 
■940^' 



,707166 

707478 
707790 

708 
-B4H 



.9.6j8iS4>9.949S5: 
' ■ 949454*9 

9*91:9^- 
.949564 
9493' 



9-9^ 



■' 



9.6S976j 
> 9.660009 
jg.66o»s![9- 

.19.660:; 00.9 



949' 
9^ 



9491 Oj 

,949040 
94897) 



9.711: 

9-7";'; 



79.660746 
.69.660991 
179.661136 
,89.66148" . 

Iq ^.66i726 l9. 



J0[9 66197' 

,19.66*459 
!j 9.66»70j 
H 9.661946 



;5g.663i90 
1619663435 

;7 9.663677 
189.6659209. 
159.6641639. 
^09.664406 



.948910 

.948S4J 
.948780 
.94871; 
■948^49 



.948584 
.9485 19 

.g434?3 
.94B388 
.948, 



948257 
.94819: 
■94811b 
.9}8o6o 
94799S 
9479^ 



.708716 
709037 
,709349 
.709660 

70997 



10.19311341 

.911 to| 
^9.898', 

»9';8^ 



7loilf: 
710593 
710904 



*9'H 

19096J 

190651 
190540^ 

1900191 1 



189718! 

189407 1 
,285096' 
188785 

■'8847 ,-[ 



,7115^6 
.711146 
.711456 

1.7 1 1766 
'■7'3°7^ 



.713386 
■7>if96U. 
.7140=5 'o. 
■7I4JH 

-;'4t'J4 



■7'493} 
.71514: 

■7';jii 
.715859 
-716168 
■716477 



Sine 



:8Si64 
a87«S4' 
*87S44,i 

.1B7134!. 
:869»4' 



.1S6614I 

,1863041 

.18599; 

8;b86 

J8s37f 



,135067 

:84^;B 
84449 
18+. 41 
83831 

Hi'- 



TsngenC 



61 Degrees. 



0.050119 1 

0.05018, 

0.050148 



o.ojojf'S 

0.050830 
0-050895 
o.C509&( 



■OS '=9^ 



.o;t 



,185 



0.05141 
0.0514! 

0.051547 

0.05161 

o.o;ifi77 



0.051940 
0.0; I co; 
0.0; 107 J 



o-J4»9SJ*o 

■0-34*7OSS9 
o 34145B sB 
io.34a»»o 
'o-i4'963 



10.341716 
10.341+69 

10.34111 

10.340975 

10.340729 



0.3404K3 
0.340137 
10 J39991 
I0.33974S 



339^54' 

J 390c 9. 

10.338764 J 

0.3385.9 

0.338, 



'°-3J«ojot' 

10.33778631 
'0.337S4' 3 

'0337197:37 
io.3370s4 '36 



10.3368. c 
^0.33656734 

!0-J363*333 
10.33608031 

o-33i8373' 
"_0|33S594'io 



Tingents and Secants. 



C 493 ) 



37 Degrees, 



SlBC 



309.664406 
3119,664648 
129.664391 

jg.66;ij3 
4^.66;37s 



9.665617 
9,66;8;9 
9.666100 
9.666341 
9.666; 3 3 



9.6668. 
9.66706; 
9.66730; 
9.667546 
9 667786 



t8 



.9479299.716477 
.9478639.71678; 
■947797 9-7'7093 
,-9+773' 9 7'7+oi 
9.94766; 9.717709 



9-947S99 9-7'Soi7 



9.661(026 
469.668166 
9.668;o6 
9-668746 
9.6689B69. 



•947SJ3 
.947467 



9.71832; 

9.718633 



97'9!S5 

9-7>98ti 
9.720169 
9.72047', 
97'07fi.^ 



9.609225, 
9,669464V 
g.6697039. 
9.6699429 
9.670181I9. 



.946604 
■946)38 
.94647 
94640, 
■9<6»7 



_; 9.6704199. 
; 6 9-670^58' 

9.670896 , 
9.671 13+|9. 
9.67137*9 
9.6716099. 



946001 
■94;93 



Tangcnl 



9.9474019.718940 
1-9473 3i 9-7'9Z48 
1.947269 
I.9+71OJ 
1-947 '.36 
1.947070 
1,947004 
1.946937 

1.9't''«7i 

.946804 
.946738 
■94667 



9.72' 039 
1396 



9.72200 
11 



9.7ZZ621 
1927 

9-7»5':38 
9.723S+4 



.9462709.7241,9 
.946203 9-7^4454 
.9461369.72471:9 
.946069 9.7i;o6; 
--'-nz 9.725369 
159725674 



283523 

.8321; 
,282907 
.82599 



,2819^311 
2816751 
2813671 
1810601 
2807521 



2tl044;lii 



27983; 
0.279524 



15240; 
.052467 

■0S»S33 
,052599 
052665 



■789 
78604 



'77379 
27707'! 
276768 
276462 
^76rs6 



05*73 
052797 
052864 

'5*93' 
i;aijq6 



275851 
27s;46 
275241 
*74935 
*74&3i 
'743»6 

Tangent 



62 Degrees. 



152769 



053129 

.053196 
,05326. 

Pj33*9 



33SS94J' 
■0-33)35^ 
io-33S'o9»i 
0.334867 2 
0^3346252 



0.334JS3 2 
334'4'» 

■333900 z 
.0.J33659 2 

P-3'!34'7 * 



'S339'5, 
.053462 
.053;2di 
.0531:96 
■";^66i, 



3730 

053797 
.a;3864 

'i393' 
S399B 
05406 5 



0.3331762 
■.33293; ■■ 
.33269; 1 
.332451 I 
1312^ 



■33 '974 I 
■33'734 1 
•33'494 I 
■33'* 54 1 

■33" 



>. 3 307 75 1 
3.330536 
5.330297 
).33O058 



o,329s8i 
■3=934* 
,329104 

0.328866 
,328628 

Q-3'83qi , 



( 494 ) 



A Table of Artificial Sints, 



Tangent 



o'9.t)7it)09 
,9.671847 
29.671084 
39.67231. 
4. q-o7'^^» 



■"'",9-7«S979 

■1284 

[9.726i-- 

893 



9 94SH6S^9 
g.94S8oi 
9-94i73}9 
9.94;666,9 



59.67279; 
69-67303' 
y 9.673268 
8 9-673S°S 
g9£7|74 



9.94SS98 
9-94SSJ' 
9.945464 
g.945396 
9-94-S3^8 



2719; 
9.727,-01 
9.72780; 
9.72S10. 
9.71841; 



o9-*'73977 9>9'JS^^ 
,9.6742i}9.94;i9j 
29.6744489.945126 
39.6746849.945058 
49.67491919944990 



9.728716 

9.7290: 

9.729323 

9.719626 

9-7g99'9 



9.^75 -SS 

9.67539° 
9.67562; 

9.675859 
g. 676094 



9.944922 
9.944854 
9.944786 

9.944718 
9-94 <6^' 



c 9 676328 
, j.676s62 
1 9.C76796 
3 g.677010 
49.677264 



9.9445I 
9.944514 

9.944446 
9-914377 
9-9443°9 



.59.677498 
69677731 
79.677964 

8 9.678'97 

9 ;-67S43i 
c 9.67866 



9.73025; 

9730i3S 

0838 

9.731141 

9-73 '444 



9.94424 
9-944'73 
9.944104 

9.944036 
9'9439i". 
9'943SuS 

Sine 



9-731746 
9.732048 
97323s 
9.732653 
9-73Z9tS 



9-7332!7 
9-73 3 Si''' 
9.733861 
9.73416, 
97344^3 
973476' 



274326 

.2740a: 
273716 



272803 
272499 'O. 



^7'5«' 



Secant 



.054065 
■54' 3' 
,054199 
.054107 
■P54334 



.5440: 
,054469 

i4!3' 
.054604 
■0';467: 



84I1. 
2709S0K 
270677I1. 
27037411. 
£70O7in 



■054739 

.054807 

4874 

,05494: 



269465J 

;63859lio. 
:6g;56Ji 



268254 
267952 
26764910. 
267347 II 
26704t[|. 



166743 li 
: 664.421 1, 

!6583g|,, 

:i:>S236:,o. 



,0SS»8: 
'553go|! 



,55418 
.55486 
0555S4 
.055623 
'S':69 



.055964 
.056033 



Tangent 



.327916 
527679 
32744' 



32673 
,326495 



3*S55. 

3253'^ 
32508 



■324845 
3:4610 
32437s 
.324141 
3'39o6 



32367: 
.32343S 
.3232''4 
322970 
3"73ti 



,32250 

;2036 
;iao3 



61 Degrees. 



Tangents and Secants. 
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28 Degrees. 



3',9,6788g5 



5.679 
9.67936< 



'■94JS9^'9- 
t-94 38309. 
'■94376iJ9. 
I-9136939' 



I°9- 
37!g. 
38; 



.679814 
.6800^6 



680511, 
.6807;. 



9.94321 



;^L^ 



9.68144 

9.68167 
9^8190 ? 



9.68136; 

479.63i;g5 
.682821 
.63io;i 



9 68328^ 
9.6835 

9,683743 
9-68397: 



1.68445. 
1-684658 
1-684687 
1.685111 
l,68,-34 
1.68;, -7. 



Tangent 



734764' 
735066 
73S367 
,735668 
■7359^» 



■943S55'9. 
.94348619. 
■9+34' 719 
■94334819. 
■043^79 ;q. 



3.264934 
3.264633 
3.26433: 
^■'640,: 



,730269 
.736570 
736871 
,737171! 
737471, 



Secant 



.050.0. 
056171 
o;6j39 
056307 



3.26373 
3.163431 
3.263.11 
3.261829 
3.262529 



94314' 9- 
■943°7*9. 
9430039- 
94»934 'g; 
941864I9. 
94*795 9- 
.S4»7'sl9. 
,94165 6|g. 
^.942507 19. 



.737771 lo- 
.738°7' lo. 
,73837' 10. 
,73867' 10. 
73897IIO. 



161929 

161629 

.161329 

31019 



94*S'7y 

.9424489. 
■942378!9. 
.94130819. 
J?4££19 9, 



,739271 
7395 7>^i 
739870 
,74°i69 

7.t°i.\ 

7W67 
74io66jio. 
7413651' 
.741664 IQ.. 
£1196. 



60719 

.5983 
.WS3- 



9.74Z2t"j" 
''■74»!!9;' 



.941 1 699, 

■94^0999,, ,_^_ 
.9420i9'g,74j858; 
■94'9ij'9--'""i^' 
-94i = H9g. 



743's6Jio. 
74145' 



iS833S 



'i''+4i 
,056514 
.0565S3 

56651 



6790 
.Oi6aSg 

56928 
056997 

57^66 



^57739 
'17-14' 
:57i42 
.568+4 
:5654& 
! 1:6248 



7'36 
057105 
057275 
■'^57344 
.0^74' 



.□57483 
7!S- 



057971 
,5W04i 
.058111 



32133730 



,320640 



.319944 * 
.319712^ 
.319481^ 

■3'9^SO - 



•Sigoit 
.318787 '9 
■3'8SS7 ' 
■3 '83^6' 
■3'8ogi 1 



,317865 
,317635 
.317405 
■3'7'7! 
3 1694 



.316716 
.316486 

.316028 
■3'579Q 



■3'S57' 
'0-3'S34' 
10.31511:, 
10314885 
'3'46;7 

■3'44^9 



'S 



( 496 ) 



A Table of Artificial Sines, 



2 9 Degrees. 



Sine 

i9.68;799 
29.686027 
3 0686154 
4 9.68648: 



5 9.686709 
t> 9.686936 9- 
79.687165" 

8 9.687 -,89 

9 9.6876 1 [• 



09.68784, 
I 9.688069 
19.68829; 



9 688747 



9.6gB97 
9,689198 
9.689413 
9.6B9648 
9.68987", 



iog 69009S 
;i 9.6903: 

;4 9 6qoqq 6| 9-940"i 

15 9.69 

:6 9.691444 3. 

79.691668 

,89.^9189: 

.99.691111^ 

09.692^39 



Tangem 



.94i8i9'g.74j75 
■94'749 9-744050 
,9416799.744348 
.9416099.744645 

■94';3q!q-744943 



■-94140819.745140 
'■94'3989745!38i 



•94' 3*8 
.941158 
■94' '87 



9 74S33st 
9.74613 



.9411179.746716 
.94 r 046 9.747023 
■94°97S9-7473'9 
.g4'5905 9.747616 
-9408 3 4 [9. 74 7 9 



9-94''; . 
940693 
,9406 
,940551 

.940480 



9.748*09 
9.748505 
9.74880 
9.749097 
9-749;9^ 



94040g 
94033I' 
.940267 
940 1 96 



.940053 
.93998; 
.93991 
,939840 
■939768 
939697 



9.749689 
9.74998; 
9.75018 
9.750576 
9-75087: 



9.751167 

9.75146; 
9-75'7S7 



'S595' 
15565 

'55057 



i5476; 
15446; 
154165 



;8Z5, 

05839, 
05B461 



S853. 

;86o: 
058671 
.05874; 
o;88r 



149719 
[49424 
'49'z8 



248833 
248538 
148143 

147948 

'^7358 



Tangwit 



.58883 
,058954 
.059025 
03909s 



■5923; 

■59307 
.059578 
,059449 
°59'i 



.059591 
.05966; 
059733 
059S04 
059875 



059947 

060089 
,060160 



314419 
JI410; 

313973 
313746 
^■35 



31 jag 
3'3o64 
- 837 
3 1 16 II 
3'2384 



.311931 

70s 



309902 
309677 

30945 
30911 



308780 
,308553 
308332 
308108 
307885 
307661 



60 Degrees. 







Tangents and Secants. 






c 


497 ) 






29 Degrees. 






S 


- 


Tangent 




Secant 




1 

*7 

if. 

24 
*3 
22 

19 

IS 

'7 
16 

'5 
'4 
'3 

1 

7 
6 

5 

4 

3 

2 



2 

9' 




50969*339 

ji 9.692562 
19.692785 

J3 9.693009 
J4 9 69323 r 


9g39697[9.75264» 
9. 9 3 96 'S 9-75*937 
S'939)S49-7S323' 
9-9354S*[9-7S3S*6 
3 9354'0i9-75J8*° 


10.247358 
10.247063 
10.246769 
.0.246474 
10.146180 


10 
10 


060303 

060446 
060; 18 
060590 


if 


30766. 
307438 
307215 
30699, 
10676^ 




S9-693*!3 
69.693676 
79.693898 
89.69+120 
9,9.6')434» 


9-9393399-7S4'>S 'o-*4;''8; 
9.939i67J9.7i4409;io.j4559i 
9-9}9'9i9 7S4703'0-*4S297 
?-939'*3|9-7S4997i>o-*45'^03 
^i)3905i|9.75!29i,io.H47O9 


10 


060661 
060733 
060S05 
=60877 

o6eg4g 


10 


305547 
306324 
306 1 02 
305880 
305658 


1 


JO 0.694564 
H;9-69o86 

i9.69;oo7 
39.695229 


9-93«9So.9-7S!S8s:io.244ti5 
j.g389o8^9.75587»!o.244ia2 
g,9338369.7!6i7z^io.24j82S 

9-938763 9-7.56465 '0-H3S3S 
9.53B69i!9.7!67!9 10,24324. 


E 


06.020 
061092 
061164 
061237 
061309 


10 
10 


305436 
3f>S*'4 

3^4993 
304771 
3041; i;o 




59-69507' 
9.695892 
79.696113 
h«9.69633^ 
199-696544 


>9386i99-7S705»i'OH*94i' 
9 938s47.9-7S734S|'o-24'65; 
?,938475|9-7S7638'0.24J36^ 
J-93 84m!9- 7S 79 3 1 1 0. 2 42069 
9'938330;g.758"4io.i4i776 


i^ 


061381 
061453 
061515 
06.598 
06167c 


10 


3°43=J 
304108 
303887 
303666 
303446 




Og. 696774 
I 9.696995 
^9.6972.5 
39-69743; 
4 9.6c)76?4 


993825819.758517 
9-938i8s9.7S88«o 
9.9381 13 9.759102 
9.9380409.759395 
9.9379679-759687 


10.241483 
10.241190 
io.2+'-B9a 

10.240605 
10.240313 


i^ 


061742 
061815 
061887 
06 1 96c 
062011 


;i 


303226 
303005 
30273,- 
302565 
302346 


.« 


59.697874 
69.698094 
79.698313 
» 9.69853^ 
99.69875t 
^9.698970 


393789519.759979 
9.9378229.760272 
9.937749976os64 
9.93767619-760806 
9.93760319.761148 
9qi751il9.76i439 


IO.Z400II 
10 239728 
10.239436 
10.239144 
,0,238852 
.02,8561 


'i 


062105 
06217E 
062251 
062324 
062397 
062469 


'i 


302126 
301906 
32.687 
301468 
301249 
30.o»o 






Sine 




Tangent 




Secant 




60 Degrees. | 
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A Table of Artificial Sines, 



30 Degrees. 



Sioe 



Tangeat 



9.699189 
9.6y9407 
9.699626 
^■699844 



9.70000. 

9.700498 
9.7Q0716 



9.70.1s 
9.701368 
9.701585 
9 70180* 
9.701 



'i 



9-95^;99|y-764ii. 



5.701236 
9.702452 

'■'°%8? 



9.93643: 



9.936357 9-76609, 



s'-7°3't 



9.703317 
5703533 
9.703849 
9.70J964 
V.7<'4-i7° 



9-704395 
9.704610 

J. 7 0482 5 

9.70^040 

;99'70i*?4 

;o|i;.7o?469 



■9375JI 

.937458 

■9373>f5 

■9373 

-q37*i8 



1.91709, 
1.937019 
1.9369 
-93687 



Secant 



9.761439 
9.761731 
9 7'S'oi3 
9-7t>23i+: 
9.762606! 



9 76iiJ97 
9.763188 
9-763479 
9.763770 
9-76406; 



.9367; 
1.9366;: 

1.936578 



9.7^4643 
9-764933 
9.7652: 



9.765805 



.93628 
1.936. 



9.766385 
9.76667 



9.936136 j. 76696; 



.936062 
.935988 
■935914 
.935840 
■9^?2^6 



9.93569 



3.767255 

9-7675+5 

9.767834 

9.76a 

9-768413 



9 768703 



9.7692a 
9.769570 



'93;39;|9-7698&o 
■9353 ■ 



0.238501 

0-238269, 

'37977, 

i 3 7686 
■37394! 



10.062469 
10.062541 

1006268S 
10.062762 



237103 

230812 
236521 
136230 
35939 ; 



10.06290H 



.0,063054 
Q.C63H8 



i35M| 
1353S7 
:35o67! 
!34776 
344S6 



10.063. 
10.063275 
10.063348 
10.063422 
■63495 



■34'95 
339°S 
:3361s 
■333*5 
■33035 



10,063643 
10.0637 1 1 
10.063890 
'10063S64 



231876 
^3'S87 i 



0.063938 

0.064086 
10.064160 
0.06423, 



130719 

13G430 
.30140 
.298:21. 






o.o'i4jo8 
0.06458 
0.064457 
0.C64531 
0.064605 
0.064680 



30081 
300593 



,299502 
99284 
99067 



29863: 
198415 
298198 
'9793' 



»97764 
297548 

'9733 
29711 

296899 



21^6683 
296467 
29625 
.296036 



295605 
295390 

29S'7S 

29496. 
294746 
'9453 



59 I>grfe.i. 





Tangents and Secants. ( 499 ) 






30 Degrees. 




1 


Sine 




Tangent 




Secant 




30 


JO 


9 70i4f ,g.9J.3''-^9-770i+">O'2J9*S^ 


10.064680 


10.29453, 


3 1 9.705683 9.93J»^6 9.77a4J7 1021956; 


.□ 


064754 


10 


194317 


19 


3'97os89r 


i*93P7' 9-770716 lo.ii9'7't 


.0 


064829 


.0 




IH 


JJ9.7a6uj 


9.935097 9.,7ioi5 10.218985 




364903 




29,aab 




H 


9 70(Si7' 


S.gi;oji,9.T7i303 io.2zS6g7 


10 


06497 ^ 


10 


29,674 




3S 


970653^ 


I9.yji9)t< 9.771 592 10.11(1408,10 


005052 


10 


Z93+61 


J*9-7°675i 


g.9j48;39.77i88oia.jj8izo 


.0 


065127 


10 


293247 




)7'9. 706907 


9-93479B9 77"68'o-"7832 


lo 


065102 


10 


293033 




18,9.70718 


9-9347*3|9-77H!7|'o-ii7543 


ID 


065177 


10 


IIJ28IO 




'9 


9-707 59 ^ 


9.<;5'V'''49 9-77i74! "0-2-'7Z';^ 


10 


o6?35i 


10 


292607 


h 


+0 


9-707601: 


';-934S74 9-773033 10.226967110 


065420 


■ 


192394 


+ ',9-70,-819 


j.9344-9 9.77J32i'io.zifi679io 


065501 


;o 


19218. 


r< 


♦ *9-708o32 


9,9344149.77360810.22639210 


065576 


.0 


291968 


iK 


459-7o8j4; 


9.9343+9 9-773896 'o-"fi'O4'0 


065651 


.0 


291755 


'7 


iA 


9708457 


9.914274 9-774'84iCi,225Si6Jio 


065726 


lU 


^9'54? 


It 
15 


*i 


9,7086;c 


'i-934'99;9774'17'l'o "5S*9 'o 


065801 


10 


291350 




3.9341239. 77+759 "^-22!H' 'o 


065877 




29... i^ 




.719.709094 


9,934048,9.775046 10,224954 '0 


065952 


.0 


290906 




489.709306 


9.y3J9739-77S333'o 2^667 10 


066027 




29069.1 




(9 


g 7ogci8 


9,9338989.7756^1 'o-*24379 '° 




10 


290482 


!_' 


SO 




9-9338229.775908 10.22409Z 10 


066178 


10 


iyc27o 


f> 




9-9J3747:9775'95,'o-"3Sosio 


066253 


.0 


190059 




■i^ 


9.710153 


9-9336719,77648210.213518 10 


066319 




28984^ 


i 


.i 


9-710364 


9-933!96|9776769|"0-"3^3i 'o 


066404 


10 


i89&3<> 


7 




9,710575 


J-933S'o,9.777O(fio.22i945!i0 




10 


18941; 


c 
5 


9.710786 


9-933444'9-77734a 


.0.22265810 


006556 


10 


2892.4 






9'93336997776*fi 


^0222372 ro 


066631 


■ 


18900: 






9.7iizof 


9-953*93|97779'S 








188701 


1 




9.711419 


?-933^ '79-778*0. 


10,22179910 


06678, 


10 


j8«58. 




w 






,0.2214.3.0 


06635 f 


.0 


188,7 


1 




9.711839 


j.933o66;9.77877i 


1022.22610 


06693- 


(0 




S 




Sine 




Tangent 


Secuit 








59 Degrees. / 










Kk 2 













f 500 ) A Table of Artificial Sines, 




31 Degrees. 




= Sine 




Tangent 




Secant 




60 

11 

57 

s^ 

55 

i4 
53 
i» 
SJ 

SO 

:i 

45 
44 
43 
42 
*J 
4"^ 
39 
38 
37 
36 
35 
34 
33 
32 
3i 
30 

S 

5 

1 


i9-7'»°499'93»99o 
I9.7'"!99-93*9U 
39.712469^931838 
■49.71167919.932762 


9-77a774 
9.779=60 
9.779346 
9.779632 
9.773918 


1° 


221226 

220940 
220654 
220368 
2Z0082 


10 


066934 
067010 
067086 
06716Z 
067238 


10 


288161 

287951 
287741 
287531 
2871:21 


59,711889 
69711098 
79713308 
89713517 
p!9.;i37j6 


9.932685 
9932609 
9.93»S33 
9 93*457 
9.932380 


9.780203 
9.7S0489 
3-780775 
9.781060 
9.781346 


IC 


219797 
219511 

219225 


lo 


067315 
067391 
067467 
067543 
067620 


1° 


287111 
186902 
286692 
2S6483 
286174 


io9vi393S 

119.714144 
Ii9-714}!2 

139.714561 
145-714769 


9.932304 
9.93222^ 
9.9321JI 
9.93J075 
5.031998 


9.7^1631 
9.781916 
9,781201 
9.782486 
t,.7fli77i 


1° 


21 8369;! 
218084(10 
2I7799I1O 
=1751410 

ii7»i9io 


067696 
067772 
067849 
067925 
d68doi 


!o 


18606; 
285856 
2856+s 

285439 
^852,. 


,5(9. 711978 
ie97'!'85 
I7i--71S394 
183-715601 
199.715809 


9.931921 
9-93 18+; 
9.931768 
g.93169. 
9.9lio'4 


9783056 
9.7B3341 
9.783626 
9.783910 
9.784195 


10 

10 


216944-10 
11 6659' 10 
216374JIO 
11609010 
^. 580,1,0 


□68079 
068155 
068232 
068309 
068186 


10 


285022 
284814 
184606 
184399 
284191 


509 716017 

31 9.716224 
129.716432 

239.716639 
140 -716846 


9-931537 
9.931460 
9.931383 
9.931306 
9.931229 


9.784479 
9.734764 
9,785048 
97es33^ 
g.7h';6l6 


10 


-4384 




06tf463 
068540 
068617 
068694 
06S77, 


11 


283983 
"83776 
2S3568 
28336. 
283154 


559-717053 
169-717259 
179.717466 

189.717672 
299.717879 

30:^.718^8 <; 


9.93 1 IJ4 
9.93107; 
9,930998 
9.930920 
9 930843 
9.930766 


t).7B59CD 
g.786184 
9.786468 
9.786752 
9.787036 
9.787119 


10 


2l41tLB 
213816 

*t3H8 
21296+ 
21:^681 


lo 


06884^ 
06892; 
069002 
069080 
069157 
069134 


IC 


282947 
282741 
182534 
182328 
182111 
181915 




Sine 




Tangent 




Secant 


58 Deiirees. _ | 



Tangents and Secants. ( 501 ) 


3 1 Degrees. 


k 
f 
5 

3» 
I< 
1' 
» 

1^ 

37 

*? 
+0 
41 
+2 

43 

4+ 

is 

4" 
47 
43 

*i 
S^ 
S' 

52 
s+ 

5S 

S6 
S7 
58 

S9 


Sine 


. |.Tangcnt 




Secant 




g.7i8oiiS 
9,718191 

9,718497 
9.7(8703 
9,7i8g5g 


9.93076:19.787319 
9.93063819.787603 
9.930611 9.787886 
9-9.i°i33'9-?88i70 
9.q.l04i:6;9.788453 


It 


Z1108. 
211397 

212114 

2.1830 
211547 


10.069234 
10.069312 
10.069339 
io.o6g457 
iD,o'i954 + 


10 


28191530 
28170929 

281503 2S 
1812972? 

281091 *6 


9.7:9114 

5.719JJO 
9.719525 
g.7,9730 
9-7'93U 


99J°37a,9-78S73f 
9.9303000.789019 
9.9302239.789302 
9-93'='4;|9-78Sia5 
9.93000719.789868 


:°o 


2.1264 
2109B1 
2io6fiS 
210415 
210132 


1 0.06902 2| 10 
10.069700,10 
10.06977710 
io.o6ga55|io 
10.069933''° 


28088615 
2S06S024 
18047523 
230J7021 
280065 " 


97^01 4.0 
9.71034.5 
9.72o;49 
9710754 
9.7109^8 


9.929989-9.790151 
9.92991119.790433 
9-9198339.7907.6 
9-9^97 !S 9-790999 
9.929'i779.79ia8. 


J= 


20J349 
209557 
209234 

208719 


io.070oirio 
io.o70o8g'io 
10.070.57 10 
ioo7024j'io 
io.070jz3'io 


279360 20 
279655 (9 
279451 18 
27914617 
179042 16 


9.7*iiOi 
9.7ar356 
97Z1570 
9.72.77+ 
9.721978 


9.92959^9.791563 
9.929511^9.791846 
9.9294429.792128 
9.929364,9.792410 
9.qzg286|9,792692 


10 
10 


ZO8437 
108154 
207872 
2o;590 
207408 


10,270+ci 10 
10.070479' 10 
10.07055S10 
10.070636.10 
10.07071410 


173330 'i 

2.78634 '4 
27843° '3 
178116'! 
278022 II 


9.7.2181 
9.71138; 
9.7"S88 
9.72179' 
9.722911 


9-92g2a7J9.792974 
9.9291299.793256 
9.9190509.793538 
9.928972 9.793^19 
9.92889119.794101 


!o 


30701b 
206744 
206462 
206181 
205899 


10.070793^10 
10.070871 10 
10.07095010 
io.o7io28'io 
1 0.07 n 07' 10 


177819''° 
2776*5 9 
277+12 8 

277006'. 6 


9-7^3 '97 
9.723430 
9723603 
9.723805 
9.724007 
972*210 


9.92*914 
9.923736 
992S657 
9.928578 
9.928499 
9,928420 


9-79431*3 
9,794664 

9-79494S 
9.795227 
9.79550*) 
9.79^730 


10 
10 


205617 
205336 
205055 
204773 
204492 
Z04.2 1 1 


10.071180,10 
10.07126410 
.0.071343;, 
10.071422 10 
io.o7i50i'io 
io.07Kaoio 


276803! s 
2766oO| ^ 
176397 5 
1761^5 » 
27S99i. ' 
i7;-9i 0* 






Sine 




Tangent 




Secant 1 

5 




53 Degrees. j 



Tangents and Secants. 



( 501 ) 



3 1 Degrees. 






CA 

30 

3» 
33 

35 



Sine 



. ^Tangent 



9.71 ^o«^5j9*93076d 9.7873 19 
9.718291 9.9306889.787603 



9.718497 
9.718703 
9.718909 



9.7191 14 

369-719320 
379.719525 

38 

3q!9-7'9^^^ 
-Jr 






9.93061 1 '9.787886 
9-930533!9-^88i70 
9.9304?6!9.788493 



9.9303789.788736 
9.930300^9.789019 
9.9302239.789302 

9-7«9730(9.93oi45!9*789585 
9.Q30007I9789868 



4019-720140 
4«9-720345 
429.720549 
43 9 720754 
44J 9.7 209^8 

45J9-72ii62 

4619-72136^ 



9.929989 9.7901 5 1 
9.929911:9.790433 
9^298339.790716 

9-9^97 SS 9-79^999 
9.929577 1 9.791281 

9-92959i>l9-79i563 



9.929521 9 791846 
4.7i9 72157019.929442 9.7921*8 
^8 9.721774 9.929364 '9.792410 
49 9-721978 :9. 929286 1 9,792692 

■ * "^^^■'■^'^■^■■■■» a^i^.^^l^^l^MS> ^^m^^^m^^mm^ 



50J9.722«««l9 9^923719-75*974 
5»|9-722385J9.929i29J9.793256 

52 9.7*2s8Bj9.9r9-5o^.795538 

53 9-722791. 9.52857219.793^19 
5 4^9722921 9-92g^y' ' 9.794101 1 

Jo. 




57 9. _ . . . 

589.7238059.5285785795227, 
59]9.724O07 9.928499 >.79>5^ 
6019 724^'09 92842^ 975r7>0t 



i 



Siss 



O 2 1 208 1 

o 212397 

O.212II4 

o 21x830 

0.211547 



0.211264 
0.210981 
0.210668 
O.2IO4I5 
O.2IOI32 



0.209849 
0.209567 
0.209284 

O.2OyO0l 

0.208719 



O.2O8437; 
0.208154' 

0.207872 

0.207590 

0.207308' 



O.207O2& 
0-20^744 
0.206462 

0.206 f8s 
9.205 S'V^ 



0,2^5336, 
0-2^5055 

0.204773 

0.2C44>2 
0.2'^i2 f I 



Secant 



0.069234 
0.069312 
0.069389 
0.069467 
0.0^9544 



0.069022 
0.069700 



0.069777. 
0.069855 
0.069933 



0.070011 
0.070089 
0.070167 
o.:,70245' 
0.070 J 2 3' 



0,070401 
0.070479 
0.070555 
0.070636 
0.070714' 



0.0707'y3 

ac7o<^7i 
C.070950 
0.0714^28 
0.C71107 



0.071264 

0-071343 

C.C7I422 
to^c.71501 



0.28 191 )' 
0.281709 
0.281503 
0.28129; 
0,281091 



o.28o88( 

0.280680 

0,280475 

0.280270 

0.280065 



0.279860 
0.279655 
0.279451 
0,279246 

0.27904.7 



3''-' 

28 

27 
26 

*~5 
24 

23 
22 

21 

20 



0.27^634 
0.278430! 
o 2782261 
0.278022 



027781010] 
^'277615; 9^ 
0.277412 ^ 
0.277209 /' 

O 27/00/^ 



0.27660 :> 

0276:^5 
^'37>»f 



f 



1 

1 



5* Drerfats. 





C 502 


A Table of ArtiHCial Sines 










32 Degrees. 




s 

=■ 

1 

o 

3 

4 

I 

7 
8 
_9 

■3 

11 
'S 

lb 

'7 


Sine 




Tangent 




Secant 




65 

S9 

;s 

!7 

ss 

u 

S3 

!!" 

L' 
so 

49 

48 

Ij 

4S 
44 
43 
42 
4J 
40 
39 
38 
37 
36 

is 

34 
33 
3' 
3' 

30 

S 

S 


9-7 '44' = 
9.7H6'4 
5.7i+8>6 
9.725017 


9,928420 
9.92834) 
9.928202 
9-9i3iSj 
9.91(104 


9.795789 
9.79f>o;o 
9.796351 
9,796&32 
9.7^691} 


10.204211 

10.203649 

10.203360 
10.105087 


1^ 


071500 
071659 
07.738 
071817 
071896 


!o 


275790 
275588 
I7S386 
275.84 
274983 


9.715119 
9.725420 
9.7256^1 
9.725«.3 
9.726024 


9.928025 
9.927946 
9.917867 
99277B7 
9.927708 


9.797194 
9-797474 
9-7977S5 
9.798030 
9-7983'f' 


10.202606 
10.201526 
10202245 


1° 


071975 
072054 

07«'33 
072213 
072291 


.0 


274781 
^74S8o 
274378 
>74'77 
273976 


9.72622; 
9.726426 
y. 7266^6 
9.726827 
9.7*TOJ7 


9.927028 
9.927549 
9.527469 
9.927390 
g.g»7jio 


9,79859:, 
9.798877 
9.799157 
9-7994-37 
9.799717 


.0.201404 
10.20.123 
10.20084; 
10.200561 


io° 


072372 
072451 
072531 
072610 
07269c 


10 


*7377! 
*73S74 
^73374 
'■3173 
272973 


9.727278 
9.727428 
9.727628 
9.727828 
9.728027 


9 9'7*J' 
9.927151 
9-9^707' 
9.926991 
9,926911 


9 799997 
9.800277 
9.B00557 
9.80083 ft 
9.801116 


10.20CD03;IO 

io.i99723;io 

IO.199443I10 

io.i9gi64[io 


072769 
072849 
072929 
073009 
073089 


',0 


272772 
272572 
272372 
272172 
»7'973 


'3 

^4 


9728227 
9.728427 
9.728S26 
9.728825 
9 72902* 


9.926831 

9-92675 T 

9.92667. 
9.926591 
9,926511 


9.H01396 
9,801675 
9.801955 
9.8022,4 
9.802^15 


io.,9di,04;io 
.0,. 9832510 
10.19804510 
10.. 9776610 
10.1974S71IO 


073169 
073249 
073329 
073409 
073489 


10 

10 


271773 
271573 

»7i374 
27.175 

270976 




9.729223 
9.729422 
9.72962. 
g.729816 
9.7JOO18 
g.7302i6 


9,926451 

9.926351 
9,915270 
9.92619c 
9.926.1c 

9.926CZ9 


9.802792 
9-803072 
9.803351 
9.803630 
9 803908 
9804.87 


10.19720B 
10 19692B 
10.196649 

.0.19^3-0 
10.196092 
10.19^813 


i^ 


073569110 
07364910 

0737301° 
07381010 
073S9010 
07397i]io 


270777 
270578 
270379 
270184 
269982 
269784 






Sine 




Tangent 




Secant 


57 Degrees. | 







Tangc 


nts and Secants. 




( 503 ) 




$1 Degrees. 


S 

1 
30 
3' 
3^ 
33 
34 
35 
3" 
37 
38 

+ ' 
43 

4S 

4ft 
47 
48 

*? 

SO 
J' 

h 

y 

11 

59 

6o 


Sine 




Tangent 


Secant 






9.730216 
9.7304-'! 
9,730613 
9.730811 
9.731009 


9.926029 
9.915949 
9.92586S 
9.915787 
9.925707 


9.804167 
9,804466 

9.804745 
5,805023 
9.835302 


131958,310.073971 
to 195534 10.074051 
10.195255.10.074.32 
10 194577^100741.3 
10. '91098 10.074*91 


102697^4 
10.269585 
10.2693B7 
10.269-89 
10,268991 


27 
26 


9.7J1206 
9.731404 
9.731601 
9-731799 
9 7?>99'^ 


9.925626 
9.9^5545 
9.9254.6; 
9.925384 
0.925301 


9.805580 

9.806415 
9 806693 


10.1944 20^1o.374374'io.26i794 
10.191141110.0744551.0.268596 
.O.i9j363'.oo7453s 10268399 
fo.igj585 10.074616 10.268201 
10.193307 ioo74697;lo.2fiBoo4 


24 

20 

la 

M 

>i 
11 


9.731193 
9-73*39'^ 
973»S87 
9732784 
9.732980 


9.9^5222 
9.925141 
9.925060 
9.914979 
9.024S97 


380&971 
9.807249 
9.80752; 
9.807805 
9.80808-, 


to,.9j039 10.074778 10.267807 
10.19175 1 10.074859.0.267610 
10.1^247310.074940.10.267413 
to.192195 10.075021^.0,267^16 

tO.PQIOn .0.075101 I0.267D2C 


9-733'77 
9-733373 
9.733569 
9.73376s 
9-733961 


9.9248.6 

9-9^4735 
9.924653 
9.924572 
9,0*4491 


9.8083C1 
9.808638 

9.Eo3gifi 
9.809.93 
9.«0947' 


10 191639 10,075184 10.266823 
10.191362 10.-^75265*10.266627 
10.19108410,07534710.266431 

10. 190807,10. 075428/0 266235 
10.190529 io.o755'-oio.2r'6- 39 


9-734'57 
9-734353 
9-734S48 
9-754744 
9-734939 


9.92440q 
9.924328 
9.924246 
9.924164 
9,924083 


9.809748 
9.8.0025 
9.810302 
9.810580 
9.8.0857 


10 193252 10.075591:10.265843 
10 ifl9975'io.075672'io, 265647 
10.1H9f.98 .o.07i;754 10.265452 
«o.i894 20 10.075836 10.(65256 
io.iaLii43 io.-.7;9.7 10 265061 


'i 


9-735'34 
9.73SJ30 
9 73!5'5 
9-73!7'9 
9-73 59 '4 
9 716009 


9.924Q01 
9.923919 
9923837 
9.923755 
9.973673 
9,923591 


9.811134 

9.8114.0 
9.811687 
9.811964 
9.812241 
9.8.2517 


io.iSf!86(),iO,075g9,ji.t.2tJ4'!66 
10.1 8a59o'io.076o8iic. 264670 
ID.. 883 i3'io.o75i63! 10.204475 
JO.. 88o35:io.o76245' 10.264281 
10.187759 10.0763-710,264086 

10.187481 l".0764O9'lD 261891 


s 
1 
3 

1 




Sine 




Tangent 




Secant 


5 








57 


Degrees. 
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C 50+ ) A Table of Artificial Sines, [ 




33 Degrees. | 


s 


Sine 




Tangent 




Secant 






1 

3 
4 

I 

I 

9 

ix 

'3 
'4 

\l 

17 
|3 

ig 

\l 

?5 


9.756109 
9.736303 
9.736498 
9.736692 
9.736886 


9.97359, 
g.9ij;o9 
9-9»34*7 
9.92334! 
9.973263 


.812517 
.812794 
B 13070 
.813347 
.81362J 


\l 


1869 JO 
186653 
.863,7 


10 


076409 
076491 

076655 
076737 


10 


2Cj3t,9i 5a 
265697 59 
26350258 
26330857 
26311456 


9.7J708C 
9-737274 
9737467 
9.737661 
9.7378;; 


9.923180 
9.933098 
9.92JQ16 
9.912933 
9.922851 


j.aij899 
J.81417S 
?.8i44;2 

J.814728 
?.8i50O4 


;° 


i86ioi 
185825 
185548 

185272 
184996 


10 


076S1C 
076902 
076984 
077067 
077149 


Jo 


26292055 
26272654 
26253353 
26233952 
1621455' 


9.7}li048 
9.738^41 
9-738434 
973B617 
9.758820 


9.922768 
9.922686 
9.912603 
9.912510 
9.922438 


3.815279 

;-8'ssss 

9-8.583. 
.816.07 
816382 


10 


184721 

1844,5 
184169 
183893 
183618 


10 


077231 

0773'4 

07748c 
077562 


;° 


26195250 

26175949 
26156648 
26137347 
26118046 


9-7390'3 
9739«o! 
9.739J98 

9-739S9= 
■'.7 3^8: 


9.922355 
9.922i7» 

9.922189 
9.922106 
g.02zo2i 


.81665^ 
,816935 

J.8I72C5 
j.8.7+g^ 
J.817759 


;: 


183342 
183067 
182791 
1825.6 
182241 


;° 


07764; 
077728 
0778H 
077894 
077977 


'lO 


260987 ^j 

260795 41 
260602 +3 
260410^1 
2602174, 


9-73997S 
9.740167 
9.740359 
9.740550 
9.740742 


9,921940 
9.921857 
9.921774 
9.921691 
9.921607 


.818035 
3.81B310 
.818585 
.818860 
J-R19135 


I 


181695 
181690 
181415 

181140 
180865 


Ic 


07806c 
078143 
078226 
078309 
078393 


\l 


2(10025 40 

25983339 
259641 3H 

25945037 

25925836 


9.740934 
9.741125 
9.741316 
9.741 i..7 
9.741699 
5.741889 


9.911524 
9.92144' 
9.921357 
9.921274 
9.92119c 
9.92110; 


}.ai94io 
J.S.9684 
J.819959 
9.820234 
^.82050^ 
;,a20783 


'i 


180590 
180316 
180041 
179766 
179492 
179217 


lo 


07S476 
078559 
078643 
078726 
078810 
O78S03 


:1 


258066- 
25887s** 
258684 
258493 32 
25830'!, 
258'", C 




Secant 




Tangent 




sect 1 


56 Degrees, 





Tangents and Secants. 






c 


505) 1 


33 Degrees. | 


f s.= 




Tangent 




Secant 




309.741889 

5i;9.74io8o 
J29.74I27. 
33974*462 
349.742652 


9.921107 
99210Z3 

9.9*0939 
9.920855 
9.92077Z 


9.820783 
9.821057 
9.821332 
9.82.606 
9.S218S0 


10.179217 

10.178943 
10,178668 
10178394 
10.178120 


'1 


078893 10 

078977 10 

079061 10 

079145 10 

079J28|16 


25»,,,J" 

25792029 

25772928 

=!7!38«7 
257,4826 


359.742842 
169.74J033 
379-743"3 
jS97434«3 
399.745632 


9.910688 
9.9Z0604 
9-9205JO 
9.920436 
9.920352 


9.822154 

9.822429 
9.822703 
9.822977 
9.823250 
9.823524 
9.823798 
9.824072 

9-824345 
9.824619 


■ =..77846 
10.177571 
10.177297 
.0.. 77023 
.0.. 76750 


;°I 


079312 
079396 
079480 
079564 
079648 


10 

.0 

10 


257,58 .< 
2569672, 
25677723 
25658722 
25639321 


409.743792 
419.743982 
429.744171 

43 9-7443S' 

44 9744! SO 


9.920168 
9.92018^ 
9.920099 
9.920015 
9.919931 


10.17^476 
10.176202 
.0.175928 
10.175655 
.0..75J8I 


'.I 


079732 
079816 
079901 
079985 
080065 


;'° 


250208 *6 

2560.319 

255829 '8 
255639 I? 
25545016 


tS 9-744739 
469.744928 
t7 9-71S'i7 
489.745306 
t9 9-749494 


9.919846 

9.919762 
9.919677 
9-9'9;93 

9.919508 


9.824893 
9.825166 

9.825439 
9.825713 
9.825986 


.©..75107 

.0.174834 
10.174561 

10.174287 
10.174014 


1° 


080154 
0S0238 
080323 
080407 
080491 


;= 


25526. 15 
255072 14 
254883 ij 

234694 12 
25450611 


So9-74!68. 
ji 9-745871 
52 9.746059 
539.746248 
(4 9.746426 


9.919424 
9.919339 
9.919*54 
9.919169 
9.919084 


9.826259 
9.826532 
9.326S05 
9.817078 
9.827351 


10.17374.1.0 
io.i734&8^io 
10.173.9510 
10.172922,10 
io.i72649jio 


080576 
08066. 
080746 
080831 
080916 


lo 


2543.710 

254129 9 
253941 8 

253,64 6 


5; 9.746624 
(69.746811 
57 9-746999 
589-747187 
?9 9'747374 
609-747562 


9.919000 
9.918915 

9.918830 
9.918744 
9.918659 
9.918574 


9.827624 
9.827897 
9.828170 
9.828442 
9.828715 
g 828987 


.0.172376 
10.171103 
10.17.830 
10.17.558 
10..7128; 
10.17. 013 


10 


080000 
080085 
080.70 
080256 
08034. 
080426 


10 


'53376 s 

i53'S9 4 
25300. 3 
2528.3 a 
252626 I 
25*438 


Sine 




Tangent 




i 

Secant g 


56 Degrees. | 



( 506 ) 



A Table of Artificial Sinei, 



34 Degrees. 



Tangent 



J, 9.747561 

1 9-747749 5 

19747936^ 

3.7481* 



,yi8s74 
.91S4E9 
.918+04 
.918J18 



9.81B987 
9.819260 

' 9iJ^ 

9.81980; 
9 83007; 



"r9' J 4 8497 
69-748683 
79-748870 
8 9 749056 
o9'749'4: 



9.918 



.91806: 
.917976 
.9178?! 
9'78oS 



'3 



09.749^299. 

,9.7496159. 
9.749801 J9, 
9-74998719 
9 7i' 



917719 
917634 
917548 
917461 
91737'i 



S ?-7S°3S8 5 
6y-750!435 
797507*95 
M9.7S09'4? 
19 9.751099 c 



.917190 
,917104 
.917118 
.91703 
9'fr94i 



9.831165 

"!'4i7 



9.831709 
5.83198 
9.832853 
9.83*515 



833068 
9-8333J9 
9.833611 
9.83388; 
98H'H 



09 7S 1 21*4 9- 
,1 9-7! 1469 
19.751654 
;j9-7S'3j8 
:4 9-7?: 



9i6S599.8}44z; 
.9167739.834696 
9166879834967 
9166009.835138 
9i65i4'9.83i509 



■S 9-7i'»o; 
,69-75*39: 
;7 9-75*S76 
;1S 9.75*7^0 
,99-75*944 
.o9-7t3 



.9Cb4«7J5,Bj;78o 
.91634198360; 
.9i6i;49.B365i; 
.9161679.836593 
.9160809.836864 
•9';9949>37'3. 






171043 

1 70740 
170468 
17019; 



16965 
169379 
169107 
16883; 
168563 



168291 
168019 
167747 
'6747s 
167*04 



66661 
:65389 
:66ii8l 
165846' 



Secant 



4i6 
S" 

.081081 
■o''767 



081853 

.0B1938 
,081014 



,082366 

.081451 

081538 

.0083614 



05S7S|i 
653041 
650331 
6476*1- 
64491:1 



164120,1 
1639491 
i6367Mti 
1634071 
163136 I 



Tangent 



.oS»7. 
■;i7g6 



°8^o;; 



25057 
!°38s 
SO '99 
.50015 
498*3 



.0&3J41 J 
.0831171 
.0833131 
.0834001 
•0834861 



.0835731 
o8365ij'i 
■083746'K 

"38331'^ 
,083910 ic 

'84006 I c 



2514386 
*S»»S'S' 
»S*«4S 

151877 5' 



.24^642 4 

*49isr 
149271 

2490^64, 

14890; 



HK7164 

■4853' 

^4834' 

!48'6: 
'47977 



'47*403 
[46872 



55 Degrees. 



Tangents and Secants. 



C 507 ) 



34. Degrees. 



97S3" 

7S33 
9 75349! 



). 7 54046 
9-7!+"' 
7!44' 
;»-7S*S9S 
97!«77'i 



9.7549O0.9.9 
9'7S!'4!i9-9i 
9-7!!326.9-9i 



S3 



Tan gen 



9-75Sii?» 
9.750054 
9.7;6j36 
9.756418 
9-7i66' 



569.7567! 
9.75606} 
9-7S7M+ 
9 7573=6 



9.757&38 

9.757869 

97!8o«, . 

9-75823019.9; 

9.75B4H 

9-7S8wi 



5994;9-837i34 
5907.9.837405 
5820.9.837675 
i7J3,9-H37946 
i^^9-83i ' 
555919.838487 
54710,838757 
5JK5I9.8390: 
52979.839297 
52io|9.83950B 
S'*3 9-8j98j8 
5035 9.84010S 
49489,840378 
4,860 1J.S40647 
47739.840917 



J894 



9.841187 
9.841457 
9.841726 
9-8t'99' 
9 842 ;6< 



9.842805 
9.B4J074 
9'8433't3 
9-''43^ 



3Sa5 9.8438S; 
37i8|9.844'!: 
36309.844420 
3541 9,844689 
34539.844958 
^364 9.845- 



Siite 



j6zB(.6 
162595 

1623; 

l62o;4 

161734 



Secant 



1615,3 
1&1243 

160973 



;6ji6: 
15389, 
15962, 
593!3 



:!8!4J 
58274 
58004 
i!7734 



7165 
■57'9! 

56657 
,56388 



56118 
155849 
55580 



Tangen 



55 Degrees. 



oS4O0( 
.0B4093 
.0S4180 
,084267 
■°'i43i4 



,0^444.. 
.084SZS 
.084615 
.084703 
■0S4790 



.084877 
,084905 
.o850i;2 
.085140 



.08531! 



085578 
,085666 



.^85754 
.08584 
,08593, 
.o8boi8 
^6lc6 



,08628 
.086370 

.08^547 
.0S6636 



>.246(>H8 ;, 
246505 J 
246321 z 

2463.,, 



H>7" '. 
2455882 
.24^405 . 



244857 < 
14467-; 
1.24449. 



1.2441; 
^.243946 I 
Z43764 I 
..243582 
«340D ' 



2432.9 11 
24303; . 



241951 

241770 
1.241589 

'4 '40^ _: 



( 5Q8 ) A Table of Artificial Sines, 


35 Degrees. 


1 



1 
J 
_4 

7 

j 

"3 
'4 

;i 

la 
L9 

23 
*^ 
^i 

26 

*7 

28 
29 


Sine 




Tangent 




SeoDt 




60 

S9 

s' 

S! 

54 
S3 
52 
5J 
SO 
49 
4« 
47 
46 

45 ■ 
44 

43 
42 
11 
40 

i9 

J8 
37 

5i 

J5 
34 
53 

3! 

I' 

3° 

? 

i 


9 7j«59' 
9.758772 

9.759132 

9.759311 


9.9l3j6^ 

9.913276 
9-9'5'<*7 
9.913099 
9.913010 


9.845227 

9.845496 
9.845761 
9.846033 
9 846302 


'o.<S+77J 
10.154504 
10.154136 
10.15J967 
10.15,658 


lo 


oS6b30 
086724 

086813 
086901 
086990 


10.24140) 

.0-24«2l8 

10 24.048 

10.240808 
10.240688 


9.7594,92 
9.7 s 9^7 » 
9.759851 
9760&31 
5.760211 


9.91292. 

9.912833 
9.912744 
9.912655 
9.912566 


9,846570 
5.846839 
9,847107 
9,847376 


10.153430 
10.153161 
10.151893 
10.151614 
,0.15.356 


.0 


087079 
087167 
087250 

=87345 
087434 


.0.240503 

I0.24032S 

10-240149 

10,239969 
10.139789 


9.780390 
9.760569 
9.760746 
5.760927 
9 761106 


9.912477 
9.912388 
9.912299 
9.912210 
9.912121 


9-8479 '3 
j.848.81 
9.848449 
9.848717 
9.848985 


loisiol, 

10.151283 
10151015 


'10 


0M7523 
087O12 
0S770. 
087790 
087879 


.Q,2}90.O 

10.23913. 
10,239252 

10.239073 

10 238B94 


9,701285 
9.761464 
g,76ife4i 
9.76181J 
9.761999 


9.912031 
9.911942 
9.911853 
9.911763 

9.9"674 


9.849254 
9.849512 
9.849790 
9,850057 
9.3;0325 


.0,150746.0 

.o.t5047S 10 
.D.15021010 
10.14994310 
.0.14967? "0 


087969 
088058 
088.47 
0B8237 
088326 


10.238711 

10.238536 

10,238358 

.0.238179 
.0,2,800. 


9.761177 
9.761356 
9.762534 
9.762712 
9.762889 


9.911584 
9.91149s 
9.911405 
9.911315 
9.911226 


9.850593 
9.85086. 
98511.8 
9.851396 
9.851664 


.0.149407 10 
10.14913910 
ro.,48872.0 
.0.14860410 
.o..48i;6io 


088416 
068505 

o^^^^5' 
0887-4 


.0.237823 
10.137641 

10 237466 

10.237288 

.0,2371,1 


9.763067 
9.76324; 
9.763422 
9.765600 
g. 763777 
9-763954 


9.91113! 
9.91 1D46 
9.910956 

9.910866 
9.910776 
9.9106S6 


9.85193. 

9852.99 
9.852466 
9-8s*7J3 
9.853001 
9,Si;326S 


IO..48CD910 
10.147801 10 

'o-M7S34'° 

ro,i47267io 
ic. 4699910 
io,i46732'io 


o8S86)|io 23693, 
088954,0.236755 
08904410,236578 
089.34110,236400 
o892i4'io. 236223 
089314 10.236046 




Sine 




Tangent 


. Secant 






5* E 










egrees. 


1 

















Tangents and Secants. ( 509 ) 


35 Degrees. 


1 
30 

3' 
3* 
33 

35 
3'' 
(7 

J8 
35 
i° 

t' 
(3 

1-4 

11 

\i 

'9 
50 
)' 
I* 
S3 
!4 

ri 

;3 

i9 
3c 


Sine 




Tangent 




Secant 






9 7639S4 
9.764131 

9.764.308 
9.76448s 
9,764662 


9.910686 
9.910596 
^.910506 
J-9I041S 

9.910325 


9.853268 

9-B53SIS 
9.853802 
9.854069 
9.854336 


10.146732 
10,146465 
.0.146198 
IC.I4593' 
10.145664 


10.089314 
10.089404 
.0.089494 
10.089585 
.0.089675 


10 

10 

to 


z 36046 
235869 
235692 
*3SS'5 
23533!' 


30 

^9 

I5 

25 

*i 
23 

10 

;i 

'7 
16 

'5 
'4 

'3 

1 

7 
t 

S 
4 
3 

1 
S 


9.764838 
9.7650.; 
9.76SI9' 

9.761)67 
g.76!?44 


9-9ioi35 
9.910144 

9.910054 
9.909963 
9.909873 


9.854603 
9.854870 
9-EsS'37 
9.855404 
9.855671 


10.145397 
10.145130 
10,144863 
10.144596 
10.144329 


.0.089765 
10.089956 

10.089946 
10.090037 
.0.090127 


'1 


235162 
^34985 
234809 
234633 
234456 


9.765896 
9.766071 
9.766^47 
9.766423 


9.909782 
9-90969' 
9.909601 
9.909510 
9,909419 


9.855938 
9.856204 
9,^5647 1 
9-856737 
9.857004 


10.144062 

10.143796 
10.143529 
10.143263 
10.142996 


10.090218 
10.090309 
10.090399 
10.090490 
10.090581 


10 


234280 
234104 
233929 
233753 
23357; 


9-766598 
9.766774 
9.766949 
9.767124 
9.767^00 


9.909328 
9.909237 
9.909146 

9.908964 


9.857270 
9.857537 
9.857803 
9.B5S069 
9858336 


10.142730 

10.142463 
10.142197 
10.141931 
10.141664 


10.090672 
10,090763 
10.090854 
10.090945 
10.091036 


;'o° 


233401 
233225 
23305. 

232876 
232700 


9-767475 
9.767649 
9.767814 
9.76791)9 
9.768173 
9.768748 
9.768521 
9.768697 
9.768871 
9.76904 s 
9.769119 


?,9oBS73 
9.908781 
9.908690 
9.908599 
9.908507 


9.858602 
9.858868 
9.859134 
9.859400 
9.859665 


10.14139b 
10.141132 

10.140866 
10.140600 
•0 140334 


10.091127 
.0.091219 
.0.0913.0 
.0.091401 
10.091493 


;° 


232525 
232351 
232176 
232001 

2)1827 


9.908416,9.859932 
9.908324 9.860198 
9.9082339.860464 
9,90314119,860750 
9.9o8o49'9.H6o995 
'9.9070589. 36)2^1 


10.14006S 
1D.139802 
10.139536 

10.139270 
10.13900; 
lo.ijBrif) 


10.091584 
10.091676 
10.091767 
10,091859 
10.091951 
10.0^2042 


10 

10 


231652 
23.478 
23.303 
231129 
230955 
2307B1 




Sine 




Tangen 




Secant 


54 Degrees. j 



. ( 5IO ) A Table of Artificial Sines 


36 Degrees. 




I 



3 
3 
J- 

b 
7 
8 

•3 
M 

;i 

'7 
iS 
!9 

20 

*3 

*4 

*S 

le 
27 

2)! 

»9 


Sine 




Tangent 




Secant 




I 
s« 

57 

S3 

S* 

L' 

!o 
49 
+8 
+7 
1^ 
4S 
44 
43 
42 
4' 
40 
39 
J« 
37 
}1 
35 
34 
33 
31 

30 
S 
1 


9.769119 
9.769392 
9.7695()6 
9.769740 
.7699'* 


9.90795a 9-801J51 
9 907866 g-86isa7 
9.907774l9'86i79* 
9. 90768 2:9 06205 8 
9.go7iyo|9-8623z; 


10.438739 
10.138473 
10.1 3820^ 
10 137942 

10.137677 


To 


091C.42 
092134 

092126 
0933.6! 
OQZ4T0 


.0,2307c. 
10,230608 
10,7313434 
10.230260 
10.130088 


9.77^01*7 
9.77026; 
J-77°43J 
J. 7 70606 
)770779 


9907498 
9,907406 
9.907314 
9.907222 

9.90? 129 


9.862589 
9.862354 
9.B63U9 
9.86338s 
9.863650 


10137411 
10.137146 
10,136881 
.0,1366.5 
10.136350 


\l 


091502 
091594 
092686 
092778 
092871 


1^.229913 
.0.129740 
.0229567 
.0,229394 
.S.229Z!, 


J 770952 
9.771115 
9.771 298 
9.771470 
9.77,645 


9.907037 
9.90694s 
9.906J5I 
9.906760 
9 906667 


9.8O391S 
9.864130 
9.864445 
9.86471, 
9.864975 


.0,136085 
10,135810 
10.135555 
10.135289 
10.. 35025 


10 


092963 
093055 
093148 
093240 
C93353 


.0.228875 
10218702 
10.228530 
.o..28„7 


9.77181s 
9.771987 
9.772159 
9-77233' 
9.772501 


9.906574 
9.906481 
9.906389 
9.906296 
9,90620, 


9.865240 
9.86550; 
9.865770 
9.866035 
9.866300 


10..347O0 
.0.134495 
10.134230 
.0.133965 

io.in7°c) 


\l 


09342(j 
0935.8 
093611 
093704 
09379t 


.0,27S.Hj 

.0.228013 
10.22784. 
10.72760,^ 
,077749; 


9772675 
9.772847 
9773018 
9.773190 


9.90611 1 
9,906018 
9.905925 
9.905B32 
9.905759 


9.866564 
9.866819 
9.867094 
g,867|58 
9.687623 


to I3343& 
10.133171 
10.132906 

10.132642 

10.132377 


lo 


093889 
093982 
094075 
094168 
094161 


10.12732; 
10.777. 53 
10216987 
10.726810 
io.ri663Q 


9-773S3J 

9773704 
9.77387s 
9,774046 
J-7742'7 

9-77*3aa 


9.905552 
9-9°Hi9 
9,905366 
9.905272 
9.90^179 


9.867887 
9.868152 
9.868416 
9.868680 
9.868945 
9.869200 


iQ..3';B4 

10.131320 
10.13105s 

10,130791 


.0 


0943 SS 

094448 
09454. 
094634 
09+728 
094821 


io.7 7:,407 
io.3 26;9& 

.o,22;9;i 
10,775783 
io.7is6r2 




Sine 




Tangent 




Sfcant 


53 Degrees. | 







Tangents and Secants. 






511 ) 




36 Degrees. 




I 


Sine 




Tangent 




Secant. 






1° 


?-774}98 


9.905179 


9.369209 


10.130791 


0.094821 


02256123 


t 


1' 


S-774ji8 


9905085 


9.369473 


10.130517 





094915 


0.2254422 


< 






9.904992 


9.869737 


10.130263 





09; DOS'. 10 


225271 * 






977489') 


9.90489B 


9 870001 


10 129999 


10 


09510210 


2251012 


7 


i-4 


9.775070 


9.90480^ 


9.870265 


10.129735 


10 


095196 


10 


2249302 




9.775240 


9.904711 


9-870529 


10.129471 


10 


095289 


10 


2^47601 


' 


10 


9.77S410 


9.904617 


9.87079: 


10.119207 


10 


09518: 


10 


224590 2 


4 


17 


9.775580 


9.904; 20 


9.871057 


10.12B943 


10 


09)477 




"44202 


J 


1« 


977!7So 


9.90442c 


9.8713*1 


10.12867s 




095571 


lu 


»242;0 2 


i 


55 

+0 


9.77591-5 


9.904 J j5 


9.87158; 


10.T28415 




09^66510 


224080 2 


1 


9.77&090 


9-;04H' 


9.871849 


10.1Z8151 




09575910 


2239102 


c 


t' 


9.77615^ 


9.904147 


9.872.1Z 




10 


095853 




223741 I 


<i 


4-' 


9.776429 


9.9040;; 


9.872376 


10.127624 




099947 




223571 




41 








.0..27360 


10 


09601 1 






; 


4+ 

4-; 


9,77676s 


9,903864 


9.87290- 


10.117097 


10 


096136 


10 


223232 




9'7;6937 


9.903770 


9,873167 


10.116833 


10 


096230 


10 


223063 


s 




9.777106 


9.903676 


9.875430 


10.126570 


10 


096324 




222894 


4 


♦7 


9-777'7S 


9.903581 


9.87369, 


10.126306 


10 


096415 


10 


222725 


1 


4« 


9-777444 


9.903487 


9-8739!7 


10.126043 


ro 


0^651, 


10 


222556 




♦9 

SO 


9-7776.1 


9.901192 


9.874120 


10,125780 


10 




to 


222387 


1 


9.777781 


9.903298 


9.874484 


10.125510 


10 


096 70 i 


10 







^1 


9-77795^ 


9.903203 


9-874747 


10.125253 


10 


096797,10 


222050 


t; 


•ii 


9.778115 


9.903 loS 


9.87501c 


10.124990 




096892 


10 


2218&1 






9.778.37 


990301, 


J-87S27 


10.124727 


10 


096986 


IC 


22.71: 


7 


S4 

1! 


9-7734i:t 


9.90291*; 


9-a7?S3fi 


10.1 2446^ 


10 


097081 


10 


22154! 




9.778t»ii 


9.9-^282 


9.87580c 


10.124200 


10 


097,76 


10 


221377 


<: 


S6 


9.778797 




9,87606 




10 


097271 


[O 


2IP20S 


4 




9.778960 


9.902634 


9.8763JC 


10.12367.I 


10 


097366 


10 


221040 


1 


sa 


9.779128 


9-902;r 


9.876585 


10.123411 


10 


0974f" 


lO 


220872 


I 


i<j 


9-779295 


9 9°244 


9.9768J 


10.12314c 


10 


09755' 


10 


220705 


1 




9-7794-" 


9.90234 


19 877' 1 






097651 




22053.) 


<- 




Sine 




TjngcnC 




Secant 


1 


53 Degrees. 


-i 



( 5i2 ) A Table of Artificial Sines, 


37 Degrees. 


"o 

z 
3 
J 

5 
6 

7 
8 

'3 

IB 

i2 

»3 

24 


Sine 




Tangent 


Secant 




6t 

15 
S6 

'^ 

ss 

54 
S3 
!* 
!J 

:i 

47 
46 

45 
44 
♦3 

4S 

*1 

40 
39 

38 

3i 
34 
33 
3* 
31 
30 

1 
1 


9-779*^3 

9-779&3' 
9-7?97^8 
9-779905 


9.902349 
9.901153 

9.902063 
9.901967 


9,»n»'4 
9-877377 
9.877940 
9.877903 
9.878.65 


;° 


122886 
121623 
121360 
122097 
.i<8j! 


1^ 


097651110 
097747 >o 
097841IO 
09793710 

O98o33|_.o 


220S37 

220309 

220035 
1198O7 


9.7B030Q 
9-7S"4'^7 
a.780634 
>;.;SoSoi 
5.7S096S 


9.901872 
9.901776 
9.901681 
9.901595 
9.901489 


9.8784^8 
9.87869. 
9,878953 
9.879216 
9,879478 


10 


121572 
1213C9 
121047 

120784 
110522 


lo 


098128 
098224 
098319 
098415 
0985,1 


|» 


219700 

^'9533 

219366 
219199 

219032 


';-7»"34 
9.78130. 
3.781467 
9-761634 
9.781800 


9.901394 
9.901298 
9.901202 
9.901 106 
9901010 


9-87974' 
9.8S0003 
9,8802(15 
9.88052a 
9.BB0790 


10 


110259 
119997 
"973S 
119472 
119210 


|« 


098606 
098701 
098798 
098894 
098990 


io" 


218699 
i'8;33 

218366 
118200 


5.7S2966 
9.78^13^ 

g.78!298 

9.781464 
9.782630 


9.900914 
9.900818 
9.900722 
9.900626 
9,900529 


9,891052 
9.881314 

9,88. r76 

9.88.839 

9.S82.o< 


is 


ii8686'!o 
1.84^1.0 

U8161 10 
117899110 


0990S6 
099182 
099178 
099374 
099471 


10 

10 


217034 
217868 
217702 
117536 
117370 


9 73279b 
^.782961 
9,783127 
9.783292 
9-7834-i7 


9.900433 
9.900337 
9.90024c 
9.900144 
9.900047 


9,882363 
9,881625 
9.882887 
9.883148 
9.283410 


1" 


117637 
117375 
117113 
116851 

116590 


lo 


099567 
099663 
099760 
099856 
0999? 3 


■« 


117104 

217039 
116873 
216708 
^16543 


1£ 


9.783623 
9.783788 
9-783953 
9.784118 
9.784282 
9784447 


9-8999)' 
9-1*99854 
9.899757 
9.899660 
9.899564 
9.899467 


9.883672 
9.883934 
9.8S4.96 
9.884457 
9.884719 
9.884980 


10 


116318 
1160&6 
115804 
i'5S43 
115131 
115020 


10 


.00049 
100149 
100243 
■00340 
100436 
ioo?j3 


;: 


216377 
216112 
216047 
115882 
1157.8 
*'SS53 




Sine 




Tangent 




Secant 


52 Degrees. | 



Tangents and Secants. ( 5*3 ) ij 




37 Degrees. | 


f 

JO 

3' 
32 

33 

3S 
,6 

11 

39 
40 
4' 
4' 

*3 

44 

;^ 

♦7 
(« 
19 
!" 
!■ 
5' 
S3 
S4 
!! 
(6 
S7 

!« 
11 


Sme 




Tangent 




Secant 




9.784776 
9.784941 
9.785105 


g. 899467 
g-899370 
9.899273 
9.899176 
9.89907ft 


9.884980 
9,885242 
9.885503 
9.835765 
9,886026 


10.115010 
10,114758 
10.M4497 
10114235 
r 0.1 13974 


10 
10 


100533 

100630 
100727 
100824 
100913 


.021555331 
.0.21SJ882, 
10.2152242 
10.2150592 
10.21^89524 


9.785169 
9'78S4JJ 
9'78s!q7 
9.78576. 


9.89891*1 
9.8988S4 
9.898787 
9.898689 
9.898592 


9,8 6288 
9.886549 
9,886810 
9,887072 
9,887333 


IO.I1J712 10 
10.11345110 

10.113190,10 
10.112928,10 

.O.u26fi7|io 


101019 
101 116 
101213 
10131, 

10140a 


10.21473' H 
.02.45672, 

10.21,5403 2J 
10.2142392 
10114075 2 


9.786089 
9.786x52 
9.7S6+16 
9.786579 
9.786742 


g.898494 
9.898397 
9.898299 
9.898202 
9,898104 


9.E87594 
9,83;8;i 
9.888116 
9,S88377 
9 888639 


10.112406:10 


101506 

10160; 
10:701 
10.798 
101896 


10.2139112, 
10.213743 '< 

.o.;i3i84.J 
.0.2.3421 1 

10213258 "i 


9.786906 
9.787069 
9.7871JJ 
9-787395 
9-787557 


9.898000 
9,897908 
9.897810 
9-8977.1 
9,897614 


9.888900 
9,88916^ 
9,889421 
9.889682 
9.889943 


< 0.1 00840 10 
10.100579 '0 

10.10031810 

io,tooo57 10 


101994 
102092 
10219a 
10228S 
102186 


■0.2.30941, 
10.212931 ,, 
10.2127(18 1 
10.2126051 
102.2443111 


9.787710 
9.787883 
9.78804s 
9.788208 
9.78837J 


J, 897516 
9.897418 
9.897310 
9.397222 
^.897.23 


9,890204 
9.8^0465 
9.890725 
9.890986 
9.891247 


10.10979610 
10.10953510 

10.109275 10 
10,109014 10 
10 lcB7t1 to 


102484 
102582 

io2£aq 
102778 
102877 


10.212280 1< 
10.212117 i 

10.2. i9i5 i 
10.21.792 ; 
10,211*10 ( 


9.788531 
g.788694 
9.788856 
9.789318 
9.789JB0 
9.789342 


9,897015 
9-896926 
9.89682S 
9-896719 
9.89^63. 
9-896533 


9.891507 
9,891768 
9.892028 
9.892289 
9,892549 
9 89i»io 


ic. 1084931 10 
IO.I0S232 10 

io.'i07972 10 
io.ia77iijio 
10.1074JI 10 
10.107190 10 


.02975 

IO307J 
103171 

103J71 
103169 
10146S 


.o.2iu6i( ; 
10.211306 - 
10.211144 ; 
10-210981 3 
ia.i 10820 1 
10,2.0658 




Sine 


Tangent 




Secant S 


SI Degrees. | 



{ 5 > 4 ) ^ Tabic of Artificial Sines, 

38 Degrees. 



09.78934; 

1 9.789504 

2 9.78966; 
J 9,789827 
49^82988 



Sine 



.SyfcSJ: 
.896433 
.89633; 
.896256 



9,891810 
9.89J070 
9.895331 
9.893191 
8938;' 



Tanger 



107190 

106930 
1 066 tig 
106409 
106149 '°' 



!io058 

110496 
110335 

MOI7J 



9.790149 

9.79047; 
9063: 

9-79°79' 



.a90oj8 9.894Ji; 
.B9;9399.e9437; 



,.895841 
.e9i74i 
1.39^64^ 



9.S9463; 
9.«9+39: 



ioj8)(9 
105629 
101368 

io;io8 
'04B47 



39851 

.209691 

.*09si9 

=9J6S 

,209107 



9.790954 
9.791 1 

9.79117519- 
3J9-79'43tJ9- 



.8955, 

■89544,1 

895343 



9.B9567; 
9.89593: 

9.S96191 

98964; 



104588 
10432 



- 9-79'7S7 
69.791917 

9.791077 

9.791237 

199.791397 



i-^y;o45 
1.89494; 
1.8948,6 
1.894746 



^,.8967 

9.896971 

9.89713 

9,89749 

9-8977; 



104458 
I045S7 
104657 

104756 
104S56 



101769 
102509 



9-79255: . 
9.7917169. 
9.791876 

9-79303 i 

9793'9' 



89+546 



9.89S0 



J049J5 

(05055 
105154 
105154 
■"5354 



894146 
89^246 



9.89853. 
9.89B789 






'054S4 
'OS5S4 

105654 
'OS7S4 



:5 9-793154 
16 9-793! '3 
79.793673 
89-79383- 
*9 9-79399' 



.694046 
.893946 
.89)846 
■893745 
893645 

»Q3;44 



9.899308 
" J563 
9.899827 
9.90008' 
9.9=0346 
9 900605 



10043; 

100173 

099914 

■0099654 

Tangent 



106054 
106154 
106255 

106355 



'.zoSSS; 

.8725 

.208564 

' 208404 



.8=43 
.208083 
.207923 
.207763 
■ 207601 



.107443 

.207284 
.207124 

■.206965 
.20&8O5 



.206487 

.,2o6i6ii 
106009 



51 Degrees. 



Tangents and Secants. 



( 5'5 ) 



38 Degrees. 



,7941s 

.79+J08 
,794467 
.794616 
■79t7g4 



J.79S10I 



9-?9S7J3 9 
9.79;8gi 9. 

9.7960+99, 
9.7962069. 
9.79636419. 



Tangent 



.H9} {^4 9.900605 

■ 8y J 4 44 '9-900864 
■89JJ4J9-90H24 
■893n39-9°ij83 

■ 893t4z;9,9or64: 



.S93041 
891940 



.892;jB 



9 90 1 90 ; 

9.901160 
9.902419 
9.907679 
9.90i9;8 



89iij6 
a9»43! 
89*334 
89IS33 



9.903 '97 
9.9034J5 
9.903714 
9.903973 
9904' ! 



1.7965 21 9.89 JOJO 

i,796&799." 

1.7968369. 

(.7969939. 

I'797';°i9- 



9.891929 
")i827 
.)i7i6 
;i.B9i6. 



9 7')7307|9' 
9 7974649- 
9.797621,9. 

9-7977779- 
9-79'Q34 .9- 



8y 
89 . 
891319 

891 
89 



).79«09i 
}.79S2+7 
9-798403 
g,79t j6o 
-,.79871' 
9.7988- 



9.89( 



9.905167 

9-qo;ta6 



9,905784 
9.906043 

9,906302 
9,906560 
9.906810 



.89101399;, ., 

.Sgoqri 9,907336 
.890309,9, 907594 
.89070719, 907352 
893035 9,908111 
10503 9.908369 






.09939s 
,099 1 36 
.098876 



Secant 



097840 
097531,10, 
0973»i. 
.0^7052; 



■C9554i|n 
,og6aS6 n 
.O96oa-'jii 
.095768110, 



09*509; 
09;*SO|"O' 
.094992 ,, 

:947i3ii 

094474! ir 



.09421b 
1.093957, 

'■093698] 10. 
1.093440 II 
'-093'8i|n 



.o9ig2}.|,_ 

,092664; IQ. 
092406' 10 
002148; 

o.) 1 8 fig' 

■091631 1, p. 

Tangent 



106456 
106556 

106657 
106757 
1068^8 



.06959 
07o6< 



10726. 



0746,, 
07565 

07666 ' 
07767 



107971 
108071 
108173 
108274 
.08376 



10^477 
108579 



..1058503, 
05692 

3.205533 2 

f 05 374 J 
!0i2l' 



>.205058 t 
). 204899 t. 
) 204711 I 
2045832 

'-^044'S 2 
1.204207 21 

1.20395. ' 

1.20379, '■ 

o,6j6^ 



OJ479 ' 
3,203321 

03,64' 
J. 203007 I 
^202850' 
2693 I 
1.20253^ 
>202J79 : 

).202223 



09'9i| 

092^3, 
09395 



5 1 Degrees. 
L I 2 



( 5'6 ) 



A Table of Artificial Sines, 



39 Degrees. 



Siae 



798M7i;9. 890513 9.90^36^ 

79902819 " 

799184 9. 

7993 )W 

79949* 9- 

7S9°i'|9- 

,7998069, 

79996 ' 



9-8B978; 
9.889682 
c g.8ooi7ii9^fl8g£79 



.1 r? 9.8 



9.800581 9. 
■j8oo737,9' 
9.80089*9- 
9SCIJ479 



.goSSBt 
90914 

9°9^<^' 



9099 1 3 
.910177 
91043; 
9'o6j3 



.8894769 
8893749 
,8897719- 
8891679. 
8890'' 



oyl63l I 
0913731 



^90598. 



1903401 

.08981311 
Q8g;6; I 

;^91°7i' 



,*olZo. 

,8oi3s6'9. 
,801 511 [9- 
.8 3 166; 19. 
,80181919. 



,88X9^ 
- — 58 
.888751 
,8986. 

;48 



9,802435 
9,802(89 g. 



9.802743 
9,802897 
9.80 J050 
9.903104 
V-8033S7 



.9109; 
9..Z09 

7H 

911932: 



;o«9049|ri 
088791 II 
,oS8;33lio. 
.0KS275I 
.088018! 



.91:498:10 
.91275610, 

i.9i}oi4lio. 
.9' 1^7 



.913529 
,9'37S7 
.914044 
.91430: 



,8879269 
.SR78i2'9. 
.8877189, 
.8976t4'9. 
.8875109, 
-8874069 



9148.7 
9'S°7S 
915332 

9'5>9° 
915847 



.7760 

097502 10, 

.087244!. o. 

,oBf:9(i6lo. 

18672911. 



081.47 i]i 
.0861 1 3I1 
.085956]] 
,085698 I 
^0854401 



,085183! 
084925] 
0S466S, 
□84410 I 
084 1 5^ I 
"3896 I 



09';P7 



042 



10524 

10616 
10729 

10853 
■ 09?^ 



1.039 



1*386 

I J 490 

i7(94J_ 



.2000385: 
199883 S' 

1997285; 



■*9S73 
,1994.8 
199263 



; 8799 4' 
. 198644 4' 



,198335 < 



»7to 
.197872 
.97718J 
1975653 
'974" 



'972S73S 
,197.0334 

196950 33 
19679631 
i96f+33-. 
196490110 



50 Degrees. 



Tangents and Secants. ( 5'7 ) 


39 Degrees. 


r 

3° 
3' 
3' 

33 

)5 
S'^ 

i: 

38 
19 

+0 

« 

i 

t7 
+8 
+9 
SO 
S' 
S» 
SI 
S4 

?^ 

5* 


Sine 




Tangent 




Secant 




30 
^9 

7ii 

'i 

M 

*3 

10 
'9 
18 
'7 
16 

'S 

'3 
,, 

] 

1 
4 



s 
i 


9.803^6* 
9.805817 
9.80J970 
9.8041.) 


9.887406 
9.887302 
9.887198 
9.887093 
9JB6989 


9.916104 
9.9'636i 
9.916619 

9.916876 
9-9'7'3* 


.008389; 
.0083638 
10.0833S. 
1C.083114 

io.o3i866 


10.1.2594 
io.n269f 
10. 11780a 
.0.1.2907 


lo 


1964^9 
.96336 
I96<a3 

196030 
19^877 


9.804*76 
9.804418 
9.804581 
9.8047 J4 
Q.So+a86 


9.886885 
9.8867S0 
g.886676 
9.886571 
9.886466 


9,9:739' 
9.9'7£'48 
9.91 790! 
99ii(i&3 
9.918470 
9.9.8677 
9918934 
99.9.91 
y.9 19448 
9.919705 


.oo-,i63s 
1^.082357 
10.08209; 
io.q8.8j7 
.0.08.580 


.0.113. .5 
10.1.3770 
10.1.3324 
10.1.3429 
.0.. 13(14 


!o 


'9S72i 
195571 
'95*". 
195166 

1.;5114 


9.8ojajfi 
9.80s 19 > 
9.805343 
9.80549; 
9.805647 


9.8^6362 
9.886257 
9.886.57 
9.886047 
9,885942 


lo.objj^j 

10. 08 1066 
.0.080809 
10.080557 
1008Q795 


.0.1.3638 

10.113743 

io.iijs+a 

10.I.39SJ 
10.11405B 


;o 


19496; 
194809 
194657 
.9450, 

'9t353 


g.8os799:9-88i837i9-9'9y62 
9.805951 9.885731 Q,9»0JI9 
9.8o6jo3'9.88;6i7 9.92047CI 
5.8o6a54'9.88i!ii, 9.910733 
).8o64o6|9.B854i69 910990 


10.080038 
.0.0797S. 
10.079524 
icj.:>7i;s67 
1O.07CW.O 


10... 4161 

10.114368 
.0.1.4373 
10 114+79 
io..,4;84 


!o 


194201 
194049 
193897 
.93746 
'9^591 


9.8065579,8853119-9*1747 
9.8o67099.BB5io5v.9iis°3 
9.8068609,885 100 9,91 1 760 
9.807011 9.884)949.911017 
9.807163 3.B84887!9.(;2!i7j 


.0.078753 
10.078497 
10078240 
10.077983 

-D 077776 


.0.1. 4089 
10.114795 
10.1.4900 
10. 1 .;oo6 
10.. .511. 


10 


'V3<H3 
193791 
'93 '40 
191989 

i9»8}7 


9,807314 

&\ 

9.807766 
9.807917 

9,808067 


^.8K478.! 9.921530 
9.Bg.v677 9.972787 
■9 88457i'9.9i3044 
9.8R4466 9,92330^' 
9.884360 9.973557 
9.88425*'9.92i8i3 


10.077470 
10.07721; 
10.0764156 
10.076700 
IO.07644J 
i 0.076.87 


.0.1.5217 

10.1.5373 

.O.ll^ + ^h 

JO.IIS534 
10.115640 

.0.115746 


10 
to 


193686 
'9^S3S 
1923B5 
192134 

191913 




Sine 




T„g„ 




Sfcant 


50 Degrees. _ j 








L 


3 













( 5iS ) A Table of ArtiGcial Sines, 




40 Degrees. 




S 

"1?<j 


s,». 




T«ngent 




Secant 






8oSoi^8 9.ttH4254'9.923Si] 


.o.t-76187 


10 1 


'5746 


0, 


91931,001 




il 


.80S1 18*9.8841 4Sg.g24o;o 




075930 


)O.I 


.5851 


0. 


9178^59^ 




ZS 


.8c.83ta9.EB4042|9.924327 


10 


°7!673 


10.1 


.5958 


0. 


916315^ 




1 


.Bo3;i99.88ig36!9 9.4s83 


10 


07!4>7 


10. 1 


.6064 


0.19148.1571 




J 


.8o8669l9.8S3a29 9.92+840 


10 


075.60 


10.. 


.6.7. 


0- 


9'?3'S'' 




.SoStBi^'g. 8837)319,925096 


.□ 


074904 


10. 


16177 


0, 


91.8. 55 




A 


■Bo3969]9.8b36i79.9253si 
.B'^9iid9.K83;J09.9j;6o^ 
.809269 9.S8 3404 9-9*i86) 


10 


07,648 


.0. 16383 


0, 


91031 54 




7 


.0 


074391 


.0.1 


16490 





1908S. 53 




H 


.0 


074'1S 


10. 


.6596 


0. 


9073" i^ 




^ 


.1^094199.8832979.926121 


10 


07^H7^ 


10. 


.6703 


0. 


U058, S( 




.8095699.83319119.926378 
.8097189.8330849.916634 


10 


07,622 


10. 


.6809 





19043' !° 




l; 


.0 


073366 


10. 


.69.(1 


0. 


.902814? 




12 


.809B68 9.881977 


9,926890 


10 


073.10 


10. 


17011 


10, 


190.32 48 




11 


.8100.79-882871 


9-917.47 


10 


072M5: 


10. 


.7125 


ID 


.8998347 




14 


.3:oi67[9.882764 


9.927403 


.0 


□73597 


10. 


17236 


10 


.898334'^ 




^8i03i6J9. 881637 


9.927659 


10 


072341 


10. 


'73H3 


10 


.896844s 




i6 


..8104659.8825509.9179"; 


10072085 


.0. 


174SO 


.0 


'8953s *' 




17 


381061^9.8824439.913171 
9.iiio7fi3.>?ai3369.9284i7 


1007.825 


10. 


'7!i7 


to 


18938643 




IB 


10.07.57: 


10. 


.766, 


ID 


189*37^2 




|9 


9.8i09ij|9.H8ii28|9.9i86a; 


ic 


07.3.7 


10, 


1777^ 


.D 


1S908H4' 




g.8|io6i 


9,88112. 9.9289.^0 


10 


071060 


10. 


.7a70 


10 


.8893940 




21 


9-81.2.0 


g. 8830.49.919196 


10 


070804 


10. 


.7986 


10 


18879039 




12 


9.81.358 


9.8819079.91^452 


10 


070548 


10. 


18093 


■ 


.88642 39 






9.81150; 


9.881799 9,92970a 


to 


07019; 


.u. 




ro 


1S8493 37 




i? 


,.81.6,5 


j.83i6929.92996 


10 


37003s 


.0, 




10 


.8834536 




9.8.. 80, 


9.3«i584 9.930219 


.0 


06978 


10. 


.8416 


10 


188.963; 




tC' 




3.88.477 9-93047! 


.0 




10. 


.852 = 


.0 


.8804834 






9.8.,. or 


9.88.3699-93073; 


.0 


o6gi6g 


10, 


.86,1 


10 


18790c 33 




2! 


S-aiiH-i 


9.88.1619930987 


[Q 


0698.3 


.0. 


.871^ 


.0 


iB77!Mi 






9.8.1397 


983.i53]9.93ii4; 


ID 


06875; 


10. 


.8847 


10 


.8760331 




10 


9.8.154. 


9.88.0*5 


g.93'49V 


10.06850 


.0. 


18955 


10 


18745630 






Sine 




Tangent 




Secant 5' 










49 I 


)e 


»reej. 











Tangents and Secants. 



( 5>9 ) ( 



40 Degrees.' 






309.8 
J 19.8 
J*9-« 

33,9.8 

3i|9-8 

37I9-8 
38I9.8 
5'3'9-8 



.9.8 



SSoSj. 
9.88072 



g.Bdojo; 
9.880397 



iTangeot 



1.931499 
l9-y3'7Si 

9 93 JO 

[9.93121 
93^S 



9- 3 ^0180 
9.S8007 



9,93277s 
|9'93J033 

933^89 
19-93 J54i 

93 J*"' 



■B799' ., 
9.8;9ii;S 
9-879746 
9 879637 

"79;z9i 



9.9340,-6 

[9.93+3 n 

9.93456; 

■93t8jj 

■93 '^o?^ 



.0659,4 
io.o6;689 
0.065433 
0.065177 
0.064011 



g.8794i( 
9.8793" 
9.8-910: 
9.87909: 
9.B780S. 



S48S9.e78875 
5631 9.878766 
S778 9-8786i6 
59259.878547 
6060 '9.878*32 



'P'935333 
p-93Si'*9 
;[9.93i34. 
g. 936 100 
|9-936H' 



1.936010 
9.936866 
9 937111 

U-937176 
9.9376 j» 



61:1519^8783:1 
6j6i g.87eil._ 
6s07!9-978jcy[ 
66529.877999 
'''797ig 877890 
^94 3,g,B77: " 



9-9i7837 
9.938141 
9-938397 
,938653 
,938908 
9^39161 



3.068 jDl 
0.067990 

=.□'177 34 
O.C674--8 



.0.066967 
.0.066711 

10,066700 



0.06441 1 
0.064156 
0.063900 
0.063645 



J.o6339t 



10.663 



10.061858 

10.061603 

.061347 

.060837 



Tangent 



119062 
119170 I 



.1^7456 3' 
.187508 a' 
.187160*' 

.187012'; 



r.jj495 1 
119603 I 
it97ii , 

1199181, 



18671 
18657^1. 
186411 * 
186175 » 
186128 ^ 
185981 
185834 ' 
18568; ' 
185540 ' 
8;!91 1 



85247 1 
.i8s,< 
■1^4951 ' 
,184807 1 
.184661 



111344 1 
«'«4I' 

H6i 



21672 
1.781 

22891 I 

12C0I I 

.mill 

MZ22II 



'H5«S' 

.184369 . 

.18423 

.184077 

■'83931 

81785 

10-183639 ■ 

10.183493 

10,183348 

.0.183103 

.0.1S3 057 ' 

Secmt 



4c Degrees, 



( 520 ) 



A Table of Artificial Sines, 



4.1 Degrees. 



9.8 . -- 



9.8777809.939163 



1.877670 
■.877 s6c 
i.87745( 
■■377H^ 



g.939418 
5939(73 
9.9309*8 



.060837 
060582 
,060327 



3*330 

I144.C 



,830. 
}.l3z9 
5.187767 



9.817663 

9.817813 
9.8i795ii 



9-»77Z3oJ9-94'4 38 



..877 
,.877= 
1.876899 
f. 8 76789 



■3-9*01591 
9.940949 
9.941 lO^ 
■94Hr8 



,05956; 
059306 



.058796 
^8i4^ 



9.8. B39; 
-18536 



13 



5-8 1! 



..87667 S 
1.876568 
1.876457 
I 876347 
1.876135 



99-li7'3 
9.94196; 
9,9+222: 
7.942478 
9'94'7n 



,058*87 

,057777 
J7S" 

?7.!67 



1343 
23!43 
13653 

'3764 



1? 



59.8.9+139. 
9.819157 

j.3(94oi 
9.819545 
,.8 -~ 



.87612; 

8761 

.875904 

■875793 

.87568; 



..ISIJJ! 

).i8iig; 

).t8204J 

^1897 

M81608 

1-464 

113194 

'■17; 

-■8'°3' 



9.94898' 
9-94i24-3 
9. 945 49 !< 
9-94375- 
9.9,1400; 



.5701 

,56502 

,56248 



*3«7! 
23986 
24096 
Z420: 
243 'g 



r 9.819976 

2 9.820120 

3 9.820263 
H ;.e2O406 
('^9.8205509. 

'9.820693 
9.820836 
9.8: 
9.8: 
9.8; 



37SS7 
875459 
S7!34» 
87P37 
875'to 



9.94425J 
9>9i4;i; 
9-944771 
9.945oi( 
9-94^28j 



■S5733 
.655483 



24541 
2465. 

248 



). 180887 4 
'■'80743,4 
^■■> 80599,43 

1SOIC84C 
1800243^^ 
.i79«8o3 

'7973' 3 
"79^9431 



8750.4 
874903 
.874791 
,874679 
.S74568 
,3744^^ 



9-915S35 
9.94(790 
9.946045 
9.946199 
9.946554 
9-Oi6Sc8| 



,05446s 
,5421 
'539S! 
,53701 
153446 

1112: 



24986 
25097 

2;2C9 

^S43: 
'5544 



■'794 5^3. 
■'7M073, 
.I79'643 



Tugenc 
48 Degrees. 



Tangents and Secants. C 52' ) 




4 1 Degrees. 




1 Sine 




Tangent 




Secant 




9 
1 

7 
< 


319811407 

ji 9.311 j;o 


9.8744;&,9.g468o8 
9-»7-tJ+4]9'9+7'>6j 
9.S74232 9.947317 
9.8741209.947571 
9.8740oSiq.g47826 


1 


05jiy2 
052937 
05268, 
052428 

OT2'74 


10.125544!,— 
.0.1256561,0 
.o.i2i76a|,o 
10.125880,0 
.0125992,0 


'/873S! 
.78593 a 
1784SO* 
178307, 
.78165 J 


3j 9.811977 
jb9'82iiJO 
3^9.811261 
389-821404. 

,q 9.822^46 


9.8738909.948081 
9.1737849-948^3^ 
9.8736729.948590 
9.873560 9.g48)i44 
9 87344" 9 9+90-79 


la 


051919 
05.665 
051410 
051156 

050901 


.o.jabio4,o 
10.126216,0 
10.126328,0 

(0.126440,0 
to.i265;2',o 


1 78023 2 

177S80, 
'777J8, 

177596, 
'774H» 


5 

4 
} 

i 
1 


41 9.822830 

^a 9.822972 
439.823114 
44 9.813^5 J 


9'87333Sl9 9493S3 
9-87J223 g.94960; 
9.873iio;9.949862 
9.872998^^.950116 
9.872*^^19, 950370 


lo 


050047 
050393 
050.38 
049884 
049630 


lo.l2Cbb5|io 
10.126777,0 
io.l268ga'io 
10,127002,0 


>773'»J 
1771701 

177028, 
.76886 


c 


459.823397 
+{,9.823539 
47 9.823680 
+89:823821 
499.81,96, 


9-a7^77*:9'95o6<5 
9.»72b59|9,9so879 
9-87J547:9-9S"33 
9.87243419.95,388 
9.87232119,951642 


;« 


049J75l'o-'»7"«,io 
049.21 io.i27)4i'io 

048867.0.12745,1,0 
0486.2 .0.12756610 
048358110.127679', 


.70003 
176461 

176320 
176179, 
176037 , 


'i 
4 
3 

1 


,-09.824104 
519.82+24; 
ii9.8 14386 
53 9.S24527 
;4 9.824668 


9-87"o89.95Ui96 
9.8720949,952150 
9-87'98''9'95H04 
9.871868,9.952659 
9.87I7SS'9.95'9'3 


10 
10 


O4B.04;io.. 27792', 
047850110.127906,0 
047596 10.1280. giio 
O4734ijio.i28i3ii,o 
O47o87tio. 1282451.0 


1758907 
'7S75S 
.756.4 
'7S47J 

■7C33* 



ft 


569.824949 
579825090 
;8 9.815230 
599.825370 
6oj^B2;i;ii 


9.87i64"i9.953'V 
9.871528,5.9,-3411 

wS7>4'4V9!3f'7S 
9.87i30i;9.9;j9i9 
9.871.87^9.954183 
11.8710739.954437 


10 
10 
10 


0468,3 
046579 
046325 
046071 
045817 
04C;6i 


.0.. 28359 
.0.128472 
10.128586 
.0..28S99 
10.1288.^ 
10.128927 


10 


'75'9»" 
75051 

I74910 
'74770 
1746,0 

17*480 


i 
4 
3 

2 
1 . 




Sine 




Tangent 




Secant 


1 


48 Degrees. 





( 52» ) 



A Table of Artificial Sines, 



42 Degrees. 



9.81551 

9.81S6S 
9.81579' 
9.8*593; 



.8z635 
81649 
82663 
.826770 

.8Z7C49 
,827. r 
8273: 



1.87 107 3 

1.870960 
I.S70846 
1.87073; 
(.870618 



9.870504 

9.870390 
.870276 
.870161 
.870047 

>• 86993 3 



9-9 S 443 7 
9,954691 
99!494S 
9.955199 

9-9i?453 



9-9SS707 
9-9SS96 
9.95611^ 
9.956469 



9.8698 
9.86971 
.86958^ 
.869474 



9.ai7£jD6 9- 

9.8i774-5 9' 
!.'.8i7t(84 9. 
9.Si8ozj'9. 
9.8i8t(iElg.8 



8c^36o 
869.45 



9,956977 
9-9i723' 
■04I9.9S748S 
9-9S77J9 
9'9;7993 



9.iS2g30];9. 
9.828j39!9. 
9.ea8;78'9. 
9.8287169. 
98188559. 



»9j9. 
3o|(J. 



.8^8^93 
.B19131 

.829^07 
.8^9515, 
8*9683 g. 



1.1*087^5 
.868370 
.«68S55 
36S440 
.86s 3. 



80X209 
.868093 
,867978 
86786: 
86-74; 
.86763 



Tangen 



9958246 
9.9585. 

9-9S87!* 
9.959008 
9'959'^' 



9-9!95'i 
9-9!q769 
f. 96001 3 
9.960277 



9.960784 
9.961038 
9.961291 

9.96.545 
9.961799 
g.96: 



0,045563 
0.045309 
0.045055 
0.04481 



0.044^93 

0.044039 
0437b5 
0.04353 
.0'043^77 



0.0,30*3 
0.042769 
0.042515 

°'04'oo7 



.041754;: 
; 0.041 500I1 

■-.o4ia46]io. 

1.04099 2; »o. 
10.040738;! o 



1.040485! 

P.040231 

' 039977 
1.0397 2 5 
'03947° 



0.059116 

0.03896; 
0.038709 
0.038455 
0.038W. 
0'037 y48 



Tangent 



47 Degrees. 



119154 

12916S 

"9i8 



129496 

11961 
1297H 
1191)3.^ 
'^995 3 



13064C 

1307SS 
13087. 
130985 



131330 
'3'44S 

131560 
'31676 



'J'79 

IJ1907 
1320ZI 
,31138 
3"5J 

1^369 



1744896. 

'■'71.349 5! 
174109 S' 
174069 ! 
739^9 5' 



'737^9 
173649 
'73 509 
>-'733&9 
'73^3° 



1.173090 
17295 
17281 
17167; 
'7'S33 



171699 
M7IS6 
).i7i4:i 
) 171284 
' '7"4 



1.1705933 
,170455 3 
I7a3'7 3 



Tangents and Secants. 



C 5^3 ) 



42 Degrees. 



g. 8 1968 3 
91119821 

,8299?9_ 
.83009; 9. 
AS' 



Sine 



.83037 
.830S09 

.S30&46 
.830784 

^309. 



831.. 

831195 

831465 
.831606 



g.iab^yog.ijt^^ti, 



83174; 
831879 



83115; 



8324^! 

83156. 
831697 
83^833 
831.569 



Taogeni 



1.807631 9.961051 
|.8.')7iis9.9Uij->o 
' 673-i9 9'y6is6o 
^0:28319,961813 

'^-■' ■■ ;.v6^067 



»670ii 9.963310 



I.36693J 9. 

1.866^19 9 



.0D0119 9-9n3" : 
.866703 9.96408 
8065 St) 9 9643) 



.866353 
i.S66i j7 
9.866 1 J 
.866904 
T86JS87 
.865770 
1.865653 
■ 865536 
1.^65419 



i-yOfi;74 
■9^3-' 



9.964841 

9.96501;^ 
9-9^ S3i^ 
9-96;" 



9.96. 

9.96636; 

9.966611 

9,g&68?9 

9.^07 

9.967376 

9.967631 

9.^67883 



1.865101 
1.865185 
..a6so6B 
<.8649;< 
^864831 '9.968136 



3310 

833M . 

833377:9 
.83,5119. 

9 833783 '9. 



,rf64 7i6i9.968j3q 
864598'9. 968643 
8644.8i[9.g68396 
.8643639.9691.., 
8642459.369403 
864117 9.969656 



Sine 



'J-9V 

0.637694 

0.637440 

0037.8 

3'^93 



o,06(*o 
036416 
■>;6i73 
03591^ 
-3^665 1 



0354. 



3S.5SJK 

.03 OOJIll 

;o.034!.';i!ii 
0.O3419B!H 



03 3 "91 ' 
0.0336381 



:o.03ja7B|io. 
0316141. o. 
.03137010. 
.031117 10. 
.031864 10 



0.03,6,1 

0.0JI357 

0.031104 

.030851 

.OJ0597J10. 

Tangent 



31369 
3M8S 

31601 
327.7 
3^833 



32949|ii 

33'8'i 
33»97li. 



3J>3"i> 
33"47'i' 
337631, 
338E01, 
139^6 i> 



.170317 
.170179 
.17004 
.169^03 

1696182^ 
.69+9.|2^ 
1693541 
1691,- 
_i69C79 I 
16^94:7 
i6it>!o5 I 
16S6O8 18 
.6B53. 
"Oiii9* «i 



3+"3i 

34317,1 

3Ut4.i 

345811, 



3469a I 
318.5:1 

J-193*, 

3S'6- 



,i6Sz^ 
.i66ii 
.167985 I 
.1678+S I 
•'fi-7' = 



.1675751c 

l6;43g. 9 

167303I 8 
'67167 ■ 



JS40* 

j;i'9 

3S1537: 

3J7,-s!. 
15873; 



■03,, 
io.iC'iS9j 
.166759 
.16661] 
1664^3 
166351 
..(fill. 



47 Degrees. 



Tangents snd Secants. 



( 5=5 ) 



43 Degrees. 



..»37»i 

3";5.8j8o,l 
33[9.8j3ii 
34,583834, 



,T»ngei 



3'';9,S386i( 
'l'9'l'7V. 
-!,.!j88,5 
.'9 9. 8^900- 



4' 9.839271 
4»9.S 9404 

M 9.81966b 



ti 



.aj9i6o'9.9797dDi 
*-8s9i39'9 980033;' 
9,8sgU99-93oi8fii 
y.8j899ag-9!in533;i 
i).858877'9.9ao7Qi I 



- ,,J398oc 
46 9.ft3993; 

/ 9.840061. 
4" 9.840196 
19984. 



IS 



;° 9 840459 
9.840591 
9.84072: 
9.840R54 
9.B4onS; 



9.841 
9.841247 
,j,9-E4'378 

5'g.84i6io 
9-««'77 



i6j.9.977i56 
9,St;044i 9.977,-03 
98603*29.977756 
9. a 6o 2 o M. 978009' 



;. 859962 9.g78;iiji 
9.8s9842'9-97876a,i 
j.8s972i997go2i,i 
3.Ss96oi 9-9792:4' 



.020726 
,010473 



019967 
,0:9714 

oi94'2 



j.8jK7;69,98i04i[ 
:>8s863;:9.g8i2g7i< 
?,8i8?i4'9-9Bis50ii 
),8;8393 9.5-^iSo3.i. 
g.SijBa?; i),'>^20i;6 [n 



9 858i;i;)9. 982309 I' 
5.e-,?oi9|9.98t;6i ii 
'^.t;79c8 9.982!ii4lH 
9.8577869.9830671K 
j.857665'9.9Si32o:i( 



. Ss7S439.^Bj?73: 
9.8j74*i]9-9338j6 
9.857300,9984079 
9.857T78J9.984331 
9.85705619,984584 

Q 856934^9.984837 



,022244 

99 
7JB 



Secant 



10.139438 
0.139558 
0.139678 
0.139798 
°-'399'S 



.0.. 40038 
0.140158 
10.140*79 

0.140399 
0^1405, 



M 4^640 
10.14076; 



.141002 



figS6 
.018703 
01 84 JO 
018197 
■°'7Q44 



017691 



64^7 

016174 



,015669 

015416 



Tfflgeni 



10.14124 
10.14136 

10,141486 
111.14 1 O07 
10^1417^8 



.16205525 

.1619:2 Et 
.1617392; 
■ 161656 If 



.1612582; 
.1611252; 
^1602931: 



ii 



,16072! 

:i6cib4i 
■'6^^32- 



.160068 1. 
.159936,; 



).i4iS;o.o.. 
). 14:0512 



.159146 ; 



10.141457110. 

io.i4!5:9.o.i 

,14:700 10. 

.14182210.. 
.14294410. 
^4^o^6|ic. 



58713 ■ 
5S62: 
5S491 
58360 . 



46 Degrees. 



( 526 ) 



A Table of Artificial Sinej, 



4+ Degrees. 



Sine 



9 Jt+»77i 
841902 

842033 
3.841J63 



h- 



.a;6ji3 5.gB6i 



ej6zoi 



9.986J54 



841424 
.84268^ 

8*28iS. , 

S4Z94.6[9.g;^S}3;.9ii;i 



»4307 
.84JZO 
.843J36 
,8+3465 
£4^595 
■843725 . 

843984^9, 
.844 "4^9. 



•Sp9J4 

.856690 
-856568 



9.984837 
3.98509; 
9-9 8 J 343 
9.985556 
9 98^848 



■8iS7 
1.855588 
.855465 
1.85534; 



r*ngen 



,8560789.986607 
,855956 



.855096 
854973 
.85485, 
854727 



9-987365 
9.987618 
9.98787. 
9.98812 



9.98S8S: 
9-989134 

99*9387 
9989641 



84437'|9854486 9.98^893 
,844502 n-" '"' 



B4463 
,844760 
844889 



9.8,-1986 



9.845018 
9.845147 
9.845276 
„ 9-845404 
■o 9-845533 

; 9.845661 



.8538b; 
-853738 
as36n 

.S53490 
.853366 
■85321^ 

Sine 



.854233 3 99039! 

9.8541099.99055; 

9.990903 



9.991156 

9991409 
9.99J66; 
9.991914 
9.991167 
9-0^ 



.oi46;7;i< 
4404 I' 
4152 i< 



.oi3399|i. 
,013646111 

3393" 
,013140 i< 



.oii63s|io. 

-1.^387 ■" 

121 

,011877 
6.4 



o86(j 
-°'°36. 



0107 

19855 

,009601 

009319 

0090Q' 



)y»44 

008338 

.008086 

C07833 

075E0 



i4jot-D 
I43'88 
'433'0 
'4343 
'4355 



143677 

'43799 

'439: 

144044 

'44'''7 



.442«iy 
144412 
44535 

14465^ 
4478 



4S'S' 
:45271 
■4539' 



145520 
"45^4 

'45767 
14589, 
'46014 



I46IJ8; 
146262 
146386 

146510 
'4663-1 
'4675a 



582.. 
5809851 
57967 5i 
578375 
57706 >J 



S7576S 
S744i ! 
S73IJ ' 
57'8si 

^705451 



5092, 
56794 
56664 

^6405 



562754 
j6t. 

;6oi 
558! 

5^75" 



55628 
55-^8 
55369 
55241 
5511 



1982 



1459' 3 
4467 3 



45 Degrees. 



) 



Tangents and Secants. 



C 527 ) 



44 Degrees. 



Tangent 



46.9. 



8is790 
3+5919 

846'?; 



846J04L,, 

846+5: 

Sf&;6o 

846816 



8SJ24 
.8S3I1I 

.851994 

..asiM6y 

7fi 



.99143; 
.9916;: 
.99191; 
.993178 
■99 HV 



0^307075 
0.0068 1. 



.85*620 

1496 

.85137 

857, ^ 



,9^3083 10. oo63i7 
99 JS136J 10.006064 
994' 89 10.0058; 
■99444i|ro.oo5s;9 
,994&g4io.0O53o6 



846944 
84707 
847199 
«473i7 
8474.' 



.8sj<,97 
■85.87=- 
.8S'747^- 
.8;l6: 

-8;>4'J- 



a,7s. 
,847709 

847a37 
847964 3, 
848 



.8513719. 
851Z469. 



■994947110-005053 

.99i'99''ooo4* 
.99;4S2'iD.oo+548 
■995705, '0,00429; 
^99^9^7:^o■co404^ 



84821^9 
.848,4V 
.848471 
848599 
8487169, 



,8so9g6;9. 
^5087o;g, 



84S851P. 
,848979 

8491J; 
'+9359 
84 ; 'ii -tBs 



*S°74)9. 
.8506199. 
.850493,9. 
.85*367: 

.8;oi 
.849990 

■849737 
.8496,, 

-849485 
Sine 



.996no'io.00379O 
996463'ro.oo35i7 
99*7'S ''"'°328. 
,996968 10 00303: 
■001770 
OD1527 



■997473;": 
.997716:11 
■997979," 
99823: 



1.90848410^01 






>i.63i 



.140758 '■ 
.i46S£i ii 

1471J. 

■'■t7^j5 ' 



147380 
147504 II 
.1476191, 
"47753 ' 
1478781. 



154081 2 
■'S39n» 

'538J5 *' 



J 36961 
.1535081. 
1534402 

■1533"* 
'?3'84' 



14E00) 1 
,148128 V 
.148=53" 
.148378 
'48503 I' 



'S3«ie 

1519191. 



1516731; 



.148628 I 
148754. 
.148879^ 
1490D4 I 

•HQ'- 



iSi[63, 

1510J6,, 
1119291 



1491J 



.149633 
'4-J7<;S 



.9987371 10 

■ 99*989 10 ooio(i| 

.999*42;io.oo0758[ 

■999495 '^■<'°'=?oS| 

.99974710.000153; 

10 oaooooi 

Tangent 

45 Degrees. 



I4i^ij84 t. 
501361 



.50389. 



;i782„ 

3.i;.;zii . 

3.151401 . 

;ia74 , 



i;i] 

IJlC 

150894 ; 
.50768 ; 
150641 

'5°^H 





A TABLE of Angles, which every Rumb (or 




Pknnt of the Compafs) tnaketh with the Meridian. 




North 


iiouth 


Point 


D. 


M. 


North 


South 








2 


49 














i 


5 


37 






1 


H^bE 


SbyE. 


I 
I 


4 

~i 

4 


8 
II 


26 
»5 


NbW 


SbyW 


• 






»4 


4 












I 
I 


7 
4 


i6 

'9 


52 
41 








NNE 


SSE. 


2 
2 


1 


22 


30 


NNW 


SSW 








25 


«9 












2 


i 


28 


7 












2 


f 


30 


56 








NEbN 


SEbS 


3_ 
3 


1 


33 


45 


NWbN 


SWbS 








36 


.34 












3 


i 


39 


22 












3 


^ 


42 


11 








N. Eaft 


S.Eaft 


4_ 

4 


1 


45 


00 


NWeft 


S.Weft 








47 


49 


1 






1 




4 


4 


50 


37 


« 










4 


i 


53 


26 








NEbE 


SEbE 


5_ 

5 


1 


56 


15 


NWiW 


SW*W 








59 


4 












5 


i 


61 


52 












5 


i 


64 


4» 


. 






ENE. 


ESE. 


6 
6 


4 


67 


30 


WNW 


WSW 








70 


»9 








. 




6 
6 


i 
4 


73 
75 


7 
56 








EbyN 


EbyS. 


7_ 
7 


4 


78 


45 


WbN 


WbvS 

• 








»i 


34 












7 


\ 


84 


22 




■ 




# 




7 


i 


87 


11 






Eaft 


Eaft «8 




9° 


00 Weft 


Weft 



FINIS. 



